
WONDERS OF ANCIENT 

CHINESE SCIENCE 

ty ROBERT SILVERBERG 


























2‘i U * O W 




V ♦ , 





wonDzaz 01 aneczm 
chqtizzz <sevznez 


VJVTHDP. 



woTiDzizg or aneazni 
ettuTiegs zetinez 


i\j Robelt (yiloelhelc 
tfllushated b\j iTlaioin I2esunc)e\. 



Hawthorn Books, Inc 


Publishers New York 






3 

T Vo 
S SG> 

4 


NUV 1 4 1969 

BOSTON rj~ IC LIBRARY 

Copyright © 1969 by Robert Silverberg 

Copyright under International and Pan-American Copy¬ 
right Conventions. All rights reserved, including the 
right to reproduce this book, or portions thereof, in any 
form, except for the inclusion of brief quotations in a 
review. All inquiries should be addressed to Hawthorn 
Books, Inc., 70 Fifth Avenue, New York City 10011. 
This book was manufactured in the United States of 
America and published simultaneously in Canada by 
Prentice-Hall of Canada, Ltd., 1870 Birchmount Road, 
Scarborough, Ontario. Library of Congress Catalogue 
Card Number: 69-10917. 

First Edition: 1969 

Designed by Gene Gordon 


SOUTH P n °RP^NCff 



« 





coniS’Tiig 




Table of Chinese Dynasties 

7 

CHAPTER 

i 

Behind the Great Wall 

i i 

CHAPTER 

2 

Astronomy 

3 6 

CHAPTER 

3 

The South-Pointing Chariot 

5 2 

CHAPTER 

4 

The Magnetic Compass 

57 

CHAPTER 

5 

The Wheelbarrow 

64 

CHAPTER 

6 

Paper 

7 ° 

CHAPTER 

7 

Printing 

78 

CHAPTER 

8 

The Umbrella 

8 7 

CHAPTER 

9 

The Fishing Rod Reel 

90 

CHAPTER 

io 

The Spinning Wheel 

93 

CHAPTER 

n 

Earthquake Studies 

95 

CHAPTER 

12 

Explosives 

100 

CHAPTER 

*3 

Flight 

109 

CHAPTER 


The Chinese as Scientists 

116 



Bibliography 

n 9 



Index 

121 





Digitized by the Internet Archive 
in 2014 


https://archive.org/details/wondersofancientOOsilv 


t 


IP 


7 G8££ Of eM7l£g£ 
vijiia^fcsg 


Pre-Imperial Era 


Hsia (legendary) 

Shang 

Chou 

Ch’in 

* 

1994-1523 B.C. 
1523-1068 B.C. 
1027-256 B.C. 
255-221 B.C. 

First Unification 

Ch’in 

Earlier (Western) Han 

Hsin 

Later (Eastern) Han 

221-207 BC - 

202 B.C.-A.D. 9 
A.D. 9-A.D. 23 
25-22O 

First Partition 

Three Kingdoms 

220-280 

Second Unification 

Western Chin 

265-317 

Second Partition 

Wei, Ch’i, and other dynasties 

3 1 7-589 
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Third Unification 
Sui 
Tang 

Third Partition 
Five Dynasties 

Fourth Unification 
Sung 

Southern Sung 


589-618 

618-906 

906-960 

960-1127 

1127-1279 


During Five Dynasties and Sung times Northern China 
was ruled by two successive barbarian dynasties: 


Liao (Khitan) 

Chin (Jurchen) 

Fifth Unification 
Yuan (Mongol) 

Ming 

Ch’ing (Manchu) 
Republic 


907-1125 

1125-1234 


1279-1368 
1368-1644 
1644-1912 
1912 to present 
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A few years ago China exploded her first atomic bomb. A 
successful test of a Chinese hydrogen bomb followed. The 
great explosions in the deserts of western China startled and 
dismayed the rest of the world—for they announced that a 
sleeping giant was starting to awaken. 

China’s explosive entry into the Atomic Age marked the 
beginning of a new phase for one of the world’s oldest nations. 
Chinese science had been hopelessly backward for centuries— 
a fantastic hodgepodge of weird theories and impossible ideas. 
In the era that saw the Western world building railroads and 
airplanes, conquering electricity, inventing the telephone, 
radio, and television, and splitting the atom, Chinese science 
slumbered, ignoring all that went on outside the country. 

During those years a fitting symbol for China’s outlook on 
the world was her Great Wall: a barrier of stone and brick 
and mud running for 1,850 miles across her northern frontier, 
built to keep out the barbarians. 

The Great Wall of China never was much of a success at 
keeping invaders out, but it was typical of China’s attitude 
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toward the rest of the world. The Chinese have always pre¬ 
ferred to go their own way, hidden from view. They build 
walls around their own houses to give themselves greater pri¬ 
vacy, and they build mental walls to keep themselves free of 
foreign ideas. 

The Great Wall of China still exists, though of course it 
long ago ceased to serve any defensive purpose. The psycho¬ 
logical Great Wall is also still there, for the Chinese continue 
to fear and mistrust all foreigners. Those who disagree with 
the political thinking of China’s current rulers are banned 
altogether from entering the country, while those few out¬ 
siders who do get into China are forbidden to roam about at 
will, and must see only what the Chinese government wishes 
them to see. What goes on behind the Great Wall is nearly 
as much of a mystery today as it was five hundred years ago. 

While China remains hidden in mystery, she is no longer 
ignoring developments beyond her boundaries—particularly 
scientific developments. When an aggressive Communist gov¬ 
ernment seized control of China in 1949, it decreed that out¬ 
dated scientific ideas must be shaken off. China must leap 
forward into the twentieth century, they decided; she must 
master the knowledge of the Western world; above all, she 
must gain for herself the secrets of atomic energy. 

The blaze of atomic fury at the Chinese testing ground 
showed how rapidly China had thrust herself into the modern 
era. Only four other countries until then had successfully ex¬ 
ploded atomic weapons—the United States, the Soviet Union, 
Great Britain, and France. Not only in destruction has China 
fought her way toward modernity. We know that China’s 
scientists have made rapid progress in medicine, chemistry, 
biology, and rocketry. 

In catching up with the rest of the world, China is also 
catching up with her own past. She once was the unques¬ 
tioned world leader in science and technology. While Europe 
was still a barbaric land and North America was inhabited 
only by Indian tribes, China throbbed with ingenuity and 
insight. Mathematicians, astronomers, inventors, engineers, 
and chemists made China a land of astonishing marvels. The 
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Chinese gave the world paper and printing, gunpowder, the 
magnetic compass, the first rockets, and a host of other inven¬ 
tions. Chinese astronomers were mapping the stars and re¬ 
cording such phenomena as eclipses and comets long before 
the time of Christ. Scores of important technical break¬ 
throughs were the work of the ancient Chinese. 

This extraordinary cleverness began to run dry about seven 
hundred years ago. The Chinese ceased to make new inven¬ 
tions, concentrating instead on refining and perfecting what 
they had already developed. Their attitude became smug, self- 
centered and conservative. Proud of their past accomplish¬ 
ments, they made no effort to add to their heritage. 

Thus, when the first British ambassador came to China in 
1793, Emperor Ch’ien-lung received him with boredom and 
disdain. The ambassador had brought with him examples of 
the best that Europe could produce, as gifts for the Chinese 
monarch: telescopes, fine clocks, scientific instruments, and 
other such goods. When they were offered, though, the em¬ 
peror accepted the treasures with a notable lack of apprecia¬ 
tion and replied coolly, “Strange and costly things do not 
interest us. As you can see for yourself, we possess all things. 
We set no value on objects strange and ingenious and have no 
use for your country’s manufactures.” 

Earlier Chinese monarchs would have been astounded at 
such a reply. In the periods of China’s true greatness, “objects 
strange and ingenious” had been very highly valued indeed— 
incluaing those made in foreign lands. The imperial palaces 
were virtual museums housing whatever was wondrous and 
imaginative from all over the world. Though the Chinese ex¬ 
celled most others in cleverness, they were willing to learn 
from foreigners where it was necessary, and ideas borrowed 
from India, Babylonia, Greece, and other lands helped to 
enrich and stimulate Chinese scientific abilities. 

Only after the Great Wall of the mind was erected, and 
strangers were looked upon as “foreign devils,” did China slip 
deep into backwardness. The brilliant scientific theories of 
a.d. 100 seemed only quaint and picturesque by a.d. 1800, and 
totally absurd a hundred years after that—yet the Chinese had 
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created nothing to replace such theories, and would not listen 
to the ideas of the “foreign devils.” And so it was that China, 
once a well of dazzling inventiveness, ceased to be an im¬ 
portant contributor to the growth of science or to the de¬ 
velopment of technology. (Science and technology are related 
but different things: through science we learn about the na¬ 
ture of the universe, and through technology we put to use 
in a practical way the knowledge science has provided.) 

In political matters as well as intellectual, China grew 
weaker and weaker. In the nineteenth century the Germans, 
French, English, and others took advantage of the weakness 
of the Chinese government to seize control of whole provinces, 
draining them of wealth. Finally revolution came; the weak 
emperor was overthrown, the foreigners driven out. That was 
in 1912, but the makers of the revolution had little success in 
transforming China into a modern country; by 1949, a second 
revolution was necessary and the Communists gained power. 
Only today, under her Communist masters, has China begun 
to remember and revive her ancient scientific supremacy. 

A quick look at China’s long and complex history may help 
us to understand the ups and downs of Chinese science. 

China was one of the first places in the world to develop 
the collection of skills that we call “civilization.” A civiliza¬ 
tion, in this sense of the word, is a fairly large group of people 
under the rule of a well-organized government; typical traits 
of a civilization are the tendency to live in good-sized cities, 
the use of a written language, the development of a religion, 
the ability to carry out such engineering projects as the build¬ 
ing of dams, canals, and roads, and the use of pottery and 
metals. 

The earliest human civilizations emerged about six thousand 
years ago in the Near East. One sprang up along the Nile in 
Egypt, and the other along the Euphrates River in what is 
now Iraq. While most of the world still lived by hunting and 
seed-gathering, or, at best, by primitive farming, these two 
civilizations grew rich and powerful. A little later—perhaps by 
2500 b.c. —a third great civilization appeared along the Indus 
River in what is now Pakistan. Here, too, vast cities were built 


by people who had mastered many of the skills of the earlier 
civilizations. 

The next civilization to emerge was that of China. 

The roots of Chinese culture go back some four thousand 
years. Earlier, as far as we can tell, the Chinese people were 
nomads who drifted from place to place in search of food. 
Gradually they learned how to raise crops, growing millet, a 
kind of grain, and later wheat. They settled in small villages, 
living in homes that were hardly more than pits dug in the 
ground. 

About 2000 b.c. the Chinese began to gather in large towns. 
In a remarkably short time they learned new ways of farming 
and were raising wheat and rice. They became skilled car¬ 
penters and produced fine pottery. They invented a way of 
recording their ideas by drawing pictures on strips of bamboo 
—the beginning of Chinese writing. In many other ways, great 
and small, they acquired the knowledge that is needed to build 
a civilization. 

The other civilizations of the world were ancient by that 
time. As the older cultures passed away or moved into decline, 
Chinese civilization grew and flourished and endured. The 
other three came to their ends in antiquity; China survived. 

Today’s China can trace her way of life back in an un¬ 
broken line to those settlements of four thousand years ago. 
No other civilization has such a lengthy pedigree. Egypt’s 
greatness ended more than 2,500 years ago. The cities on the 
Euphrates were deserted ruins by the time of Christ. The 
Indus A’alley civilization disappeared almost forty centuries 
ago. In all three, languages, religions, and the names of kings 
and cities were forgotten and remained unknown until redis¬ 
covered within the past century by archaeologists. In China, 
life went on without interruption through times of famine 
and hardship, of storm and flood, of civil war, revolution, or 
foreign conquest. Though Chinese civilization has altered in 
many ways over the centuries, the changes have been remark¬ 
ably slight. Chinese language, writing, way of dress, religion, 
literature, and philosophy all provide strong links with the 
ancient past. When the oldest known examples of Chinese 
writing—inscriptions scratched on pieces of bone more than 


*5 


3,500 years ago—were unearthed in the twentieth century, 
many of the characters were so similar to modern forms that 
they could be read by ordinary citizens. 

Like the three earlier civilizations, China’s civilization de¬ 
veloped along a river, the Huang IIo or Yellow River. The 
Yellow River brought the blessing of water to the fields of the 
farmers who settled along its banks, but it also brought hard¬ 
ship and destruction in the form of devastating floods. Per¬ 
haps it was the menace of that unruly river that pushed the 
Chinese toward civilization. The scattered farmers were com¬ 
pelled to join forces to build dams and dikes that would hold 
back the rampaging waters. One man working alone could not 
contain the Yellow River, but thousands of men working in 
cooperation might achieve something. Working together 
toward a common goal is the first step men must take toward 
civilization. 

The villagers in the valley of the Yellow River built dikes 
and levees to control the river, and canals to guide its water 
to their fields. China then had only a few hundred thousand 
people, at most, living in many small towns. Every five years 
or so the river would rise and break through the levees, flood¬ 
ing the farms and villages. The people would patiently rebuild, 
making the flood barriers larger than before, and start all over 
again. And so life went on, generation after generation. As 
the farms became more productive and the food supply in¬ 
creased, the population expanded; there were more workers to 
repair the dams and plant the crops; towns became cities; life 
grew richer and more complicated. 

Long afterward, the Chinese invented myths about their 
early times. Legendary ancient rulers were depicted as the 
originators of everything that separated civilized man from the 
savage. First came the Three August Ones. These mythical 
kings supposedly taught the people how to hunt, fish and 
farm, how to use fire, and how to build houses. They drew up 
the first calendars and devised the Chinese system of writing. 
After the Three August Ones, according to the myths, came 
the Five Sovereigns. The first of these was Iluang Ti, the 
“Yellow Emperor.” He was said to have been the first to prac¬ 
tice medicine; he invented the oxcart and built roads, while 
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his empress taught the people how to spin silk from the 
cocoons of moths. The Chinese say that Huang Ti ruled about 
2800 b.c., but neither they nor anyone else really knows who 
ruled the country then. 

After the Yellow Emperor, there reigned sovereigns named 
Chuan-hu, Kao-Sin, Yao, and Shun. While Shun was on the 
throne the Yellow River overflowed time and again. A clever 
engineer named Yu built dams and ditches to check the floods, 
and Shun, hearing of this, declared, “My son has no such 
talents. The throne shall descend to the man who saved the 
people from the flood.” When Shun died, Yu became em¬ 
peror. 

Yu and his descendants ruled China for the next 450 years. 
Such a family of rulers is called a dynasty. Chinese historians 
see their history as a series of dynasties. Just as we speak of an 
event as happening “when Jackson was President” or “when 
Hoover was President,” the Chinese speak of something taking 
place “in the time of the Han Dynasty” or “in the time of the 
Sung Dynasty.” 

The dynasty founded by Yu is known as the Hsia Dynasty. 
According to the old Chinese traditions, it ruled from 1994 
to 1523 b.c. We do not know whether the Hsia Dynasty ac¬ 
tually existed, for there is no proof outside Chinese mythology. 
But probably the cities along the Yellow River at that time 
were ruled by some family of kings we can call the Hsia. 

China in the time of the Hsia was not the enormous China 
of today. It still was confined to a single valley. During Hsia 
times the Chinese began to make tools and weapons out of 
bronze, started to produce silk, and possibly invented their sys¬ 
tem of picture writing. They discovered the use of the wheel 
and built carts and war chariots. 

In 1523 b.c., the stories say, the Hsia kings were overthrown 
by a new dynasty. Warriors called the Shang burst into China 
and seized power. The Shang Dynasty is no legend; archaeol¬ 
ogists digging in the ruins of ancient Chinese cities have found 
Shang relics. 

The Shang craftsmen were famous for their bronze vases 
and pots, which had unusual shapes and were covered with 
strange, intricate decorations. Bronze had been worked in the 
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Near East many centuries before the Chinese began to use it, 
but no other artists have ever matched the stunning beauty 
of the Shang pieces. 

The oldest known examples of Chinese writing come from 
Shang times. These are inscriptions on the so-called “oracle 
bones” that have been uncovered by the thousands in ruined 
Shang cities: the bones of goats, oxen, and deer, or the shells 
of tortoises were used by Chinese soothsayers to predict the 
future. The bones or shells were filed and polished smooth. 
The soothsayers pressed hot bronze points into the bones until 
they cracked. By examining the design of the cracks the sooth¬ 
sayers read the future just as Gypsy palmists decipher the 
“message” in the creases and folds of a hand, and they wrote 
the answers on the bones. 

The questions asked dealt with matters of warfare, weather, 
religion, and farming. Will it rain tonight? Will there be a 
good harvest this year? Is tomorrow a good day to fight a 
battle? Two basic answers were possible: either yes or no, good 
or bad, lucky or unlucky. 

The earliest Chinese writing was picture-writing: the way to 
write “dog” was to draw a picture of a dog, and the symbol 
for “house” was a sketch of a house, and so on. More com¬ 
plicated ideas could be represented by combining symbols: “to 
quarrel” was three women in one house, “to dig” a picture of 
a spade. In this way the Shang built up over five thousand 
separate characters. Chinese writing still follows the principles 
used in Shang times. Though many new characters have been 
added and the old ones have been greatly altered, more than 
one-third of the Shang characters can be recognized in modern 
Chinese writing. 

Shang rule lasted about five hundred years. In time, the 
Shang governed about one-fifth of present-day China. But at 
last they lost their skills of warfare. The Shang warriors grew 
fat and too fond of luxury. In 1027 b.c-, they were over¬ 
thrown and a new dynasty, the Chou, took control of China. 

The Chou, who came out of Western China, were as tough 
and as fierce as the Shang themselves once had been. They 
organized China into a number of states, each ruled by a duke 
who had to swear allegiance to the Chou king. 
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China expanded greatly under Chou rule. The valley of the 
Yellow River was still the heart of the country, but now the 
civilized region stretched in all directions. About half of mod¬ 
ern China was included in the country. The rest was left to 
the barbarians, for it could not be farmed, being too hot in 
the south and too cold and dry in the north. 

The Chou kings were not always able to make the dukes of 
the states obey them. As the dukes gained in power, they 
ceased to pay much attention to the decrees of their faraway 
king. When barbarians attacked and destroyed the Chou 
capital in 771 b.c., it ended all but the pretense that the Chou 
Dynasty actually ruled China. Afterwards the Chou kings had 
no power except in their own small territory. A period of 
political turmoil began, which Chinese historians call the 
Time of the Warring States. 

Nevertheless, this was an era of great growth and progress 
in China. Technology, literature, philosophy, and commerce 
all made important strides. At the beginning of the Chou 
period China was still far behind the countries of western Asia 
in technical matters—an example is in the use of iron tools. 
Iron had been in use in Syria and Egypt and the surrounding 
regions bordering on the Mediterranean since about the 
twelfth or thirteenth century b.c. It did not reach China until 
six or seven centuries later; but when it did it produced an 
agricultural revolution. The iron-tipped, ox-drawn plow made 
the fields of Northern China yield much more wheat than 
ever bdfore. Vast irrigation and flood control projects helped 
to increase the crops. The construction of far-reaching canal 
systems allowed easy transportation of grain from one region 
to another. The increase in the food supply permitted a dra¬ 
matic increase in population. By the third century b.c., China 
may already have had more people than any other country in 
the world. 

With this population growth came prosperity. Towns grew 
into cities; traders and merchants found eager markets for 
their wares; trade routes reached beyond China toward the 
western lands. In the course of this commerce, the most val¬ 
uable scientific and technical ideas of India and the Near East 
found their way into China, where they mingled with native 
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Chinese ingenuity and stimulated new developments. The 
result was an explosive upsurge in Chinese science and tech¬ 
nology. It was the real beginning of that amazing period of 
over fifteen centuries in which China led the w’orld in scien¬ 
tific inventiveness. 

One technological development of late Chou times had a 
good deal to do with shaping the course of future Chinese 
history. This was the adoption of the iron sword about 500 
b.c. by the soldiers of the state of Ch’in, in northwestern 
China. For some reason the Chinese were slower to make 
military use of iron than they were to use it in their plows, but 
once the warriors of Ch’in began to wield weapons of this hard 
and efficient metal, they marched unchecked from one end 
of China to the other. 

Ch’in was originally one of the least important of the Chi¬ 
nese states in Chou Dynasty times. The men of Ch’in were 
regarded by other Chinese as ignorant, savage hillbillies not 
too much better than barbarians. But the rough, crude men of 
Ch’in were fierce and ruthless soldiers, and one by one Ch’in’s 
neighboring states were gobbled up in armed conquest. In 256 
b.c. Ch’in turned against the small state of Chou. Here, the 
descendants of the old Chou Dynasty still ruled in a shadowy 
remnant of their old grandeur and glory. The King of Ch’in 
pushed the King of Chou from his throne, and the Chou 
Dynasty ended after more than eight hundred years. 

Ten years later, a thirteen-year-old prince named Cheng 
became King of Ch’in. King Cheng waited until he had come 
to manhood before continuing Ch’in’s war against the other 
Chinese states. In 221 b.c., the last of the old states fell before 
the might of Ch’in. For the first time in five and a half cen¬ 
turies, since the collapse of Chou power in 771 b.c., China 
had a single ruler. 

Cheng broke up the old states and built a strong central 
government. Under the title Ch’in Shih Huang Ti, First Em¬ 
peror of the Ch’in Dynasty, he proceeded to transform China. 
He initiated a new code of laws that were uniform throughout 
the land. He put one kind of money into circulation every¬ 
where to replace the different currencies of the old states, fie 
ordered that all weights and measures be made standard; up 
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till then many different units of length, volume, and weight 
had been in use. I Ie even saw to it that all wagons would have 
axles of the same width. Wagon wheels wear ruts in dirt roads, 
and Ch’in Shih Huang Ti wanted the ruts to be the same 
distance apart everywhere, so that one network of roads could 
serve the whole empire. 

The greatest project of his reign was the building of the 
Great Wall of China. The old states of Chou Dynasty China 
had all built walls around their territories, and in 221 b.c. the 
First Emperor commanded that certain of these walls be re¬ 
paired, extended, and connected to form a single colossal bar¬ 
rier running along China’s northern frontier for nearly two 
thousand miles. 

Four years after the wall was finished, the First Emperor 
died and his spoiled and lazy son Hu Hai came to the throne 
as the Second Emperor. 

The dynasty Ch’in Shih Huang Ti had founded did not last 
long. The weak and foolish Second Emperor was unable to 
put down rebellions against him, and after a few years he com¬ 
mitted suicide in panic. His nephew became the Third Em¬ 
peror, but in 206 b.c. the army of the rebels came to the royal 
capital and forced him to resign. A peasant named Liu Pang, 
the leader of the rebel army, mounted the throne of China. 

The years of rebellion had left the country in ruins. Liu 
Pang rebuilt the shattered cities and distributed food to the 
hungry. Because he had first achieved power in the region 
around the valley of the Han River, Liu Pang called his new 
dynasty the Han Dynasty. Through good times and bad, the 
Han ruled China for more than four centuries. It was an era 
of greatness for China, both politically and scientifically. 

Under the Han strong armies kept the northern barbarians 
on the far side of the Great Wall. During the reign of Em¬ 
peror Wu, who came to power in 140 b.c. at the age of sixteen, 
China achieved the sort of magnificence of which Ch’in Shih 
Huang Ti had dreamed. Emperor Wu’s court was the most 
glittering that China had ever known. Vast and awe-inspiring 
gardens and hunting preserves surrounded the royal palace. 

Emperor Wu sought to expand China’s frontiers; he made 
war against the tropical southern regions that now are part of 
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China; he conquered Korea; he invaded Manchuria. Ilis most 
spectacular enterprise was carried out in the far west, beyond 
the end of the Great Wall. lie sent an explorer into that un¬ 
known region to open a new world for Han Dynasty China. 

The explorer, a young officer named Chang Ch’ien, was the 
first Chinese to venture westward in centuries. He set out in 
138 b.c. and was gone for twelve years. When he returned, he 
brought with him samples of the strange plants and animals 
of the western regions to ornament Emperor Wu’s palace, and 
he told tales of the wealth and luxury of the rich, powerful 
territories he had seen. 

Emperor Wu was greatly excited by Chang Ch’ien’s stories. 
He longed for the cunning objects made by the craftsmen of 
those distant places. And he saw that it would strengthen the 
power of his own empire if he opened dealings with the king¬ 
doms in the West. He sent ambassadors to those kingdoms; 
and when the people of the West refused to sign treaties of 
trade and friendship with China, the emperor sent armies. 
By 100 b.c. China had conquered much of the narrow strip of 
land that ran westward between the mountains of Tibet and 
the desert of Mongolia. Along this strip caravans journeyed, 
bringing merchandise from China to exchange for the trea¬ 
sures of the West. 

One Chinese product that was greatly in demand among 
foreigners was silk. The Greeks had been manufacturing silk 
as early as 400 b.c., but their fabric was not nearly as good as 
the filmy, smooth Chinese cloth. When Chinese silk started 
to reach Europe in the time of the Han Dynasty, it touched 
off a fantastic craze among the rich, who paid huge sums in 
gold for scarves and cloaks. 

Out of China went the camel caravans, winding westward 
past snow-topped mountains and parched deserts. The roads 
led to the romantic cities of the West—Khotan, Samarkand, 
Ferghana, Kashgar—and on to the kingdom of Parthia, in what 
is now called Iran. The goods of East and West were ex¬ 
changed in the Parthian markets, and travelers from Rome 
jostled against merchants from China. Those Chinese mer¬ 
chants carried spices, furs, silks, and porcelains out of their 
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own land and returned with wool, linen, glass, precious stones, 
gold, jade, fine horses, skilled craftsmen, and such exotic foods 
as grapes and raisins. 

This mingling of cultures stimulated one of the most fertile 
periods in China’s long history. There were important de¬ 
velopments in science, music, literature, manufacturing, and 
art. Sometimes the Chinese borrowed foreign ideas and im¬ 
proved on them, but in many cases the ideas originated with 
the Chinese and were slowly transmitted westward. 

Valuable work was done in astronomy, geology, botany, 
zoology, and mathematics. Chinese astronomers studied sun¬ 
spots, successfully predicted eclipses, and were able to calcu¬ 
late the length of time it takes for the earth to go around the 
sun more precisely than it had ever been reckoned before. A 
Han Dynasty scientist invented an instrument that registered 
distant earthquakes so faint that they could not be felt by the 
people at court. 

Two major Chinese inventions had their beginnings in Han 
times: paper and porcelain. A humbler product of the era was 
the wheelbarrow. It was more than a thousand years before 
any of these things came into general use in Europe. Han 
alchemists sought without success to find ways of turning lead 
or mercury into gold, but they learned a great deal about 
chemistry in the process. They also sought an elixir of immor¬ 
tality, but the Han emperors never attained the eternal life 
they desired. As he grew old, Emperor Wu spent a fortune on 
quacks and mystics, and tried all sorts of magical potions, but 
death came for him anyway in 87 b.c. after a glorious reign of 
fifty-four years. 

All dynasties, even the most splendid, eventually enter a 
period of decline. For the Han, troubles began after the death 
of Emperor Wu. Weak emperors came to the throne. There 
were conspiracies and assassinations. Without a strong man at 
the head of the government, men of powerful families began 
to assert their independence, and the empire crumbled. Be¬ 
tween 1 b.c. and A.n. 23 a usurper held the imperial throne. 
Then a descendant of Liu Pang became emperor, and the Han 
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Dynasty was restored. It ruled for the next two hundred years, 
and during the first half of that time nearly succeeded in 
equalling the splendor of the dynasty’s early days. 

Once again the ruling dynasty lost control of events; after 
a.d. 150, the Han emperors were helpless, and ruthless gen¬ 
erals held the real power, bickering among themselves for 
authority. In a.d. 190, when a nine-year-old boy became em¬ 
peror, rival generals attacked the capital, burning and pillaging 
it. Soon the country began to split apart as three warlords di¬ 
vided China among themselves. By a.d. 220 the last Han 
emperor had been thrust from his throne, and China splin¬ 
tered into three separate kingdoms. 

The three kingdoms made war on one another until 280 
when two had been defeated and China was once again united. 
The new dynasty took the name of Chin. But barbarian 
nomads soon slipped unchecked through the Great Wall, and 
conquered the northern provinces. Survivors of the Chin Dy¬ 
nasty fled to the southeast and set up a capital at the city of 
Nanking. There the dynasty managed to last from 317 to 419. 
But all the northern half of China was in the hands of the 
barbarians. An era of confusion followed, with dynasties rising 
and falling faster than the historians could record their deeds. 

The end of this time of chaos came late in the sixth century. 
Northern China was now under the rule of barbarians who 
reigned as the Northern Chou Dynasty, but the chief minister 
of the realm was a shrewd native-born Chinese, Yang Chien. 
In 581 he slew the young Northern Chou emperor and fifty- 
nine royal princes, and declared himself the first emperor of 
the Sui Dynasty. He rebuilt the Great Wall to keep the bar¬ 
barians from making further inroads, and in 587, once his 
control of the North was secure, he invaded the South. By 589 
he ruled over much the same vast empire that had first been 
put together by Ch’in Shih Huang Ti. 

The Sui Dynasty lasted only two generations. Yang Chien 
died in 604, and his son, the ambitious and luxury-loving Yang 
Ti, came to power. This ruler, who was both a great emperor 
and a terrible tyrant, conceived a project nearly as mighty as 
the construction of the Great Wall: he ordered a gigantic 
canal built to link the three most important cities of China. 
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This vast inland waterway, spanning many hundreds of miles, 
was intended to bring food from the fertile rice fields of the 
South to the big cities of the North, and to the armies de¬ 
fending the northern border along the Great Wall. Some 5,- 
500,000 workers were drafted to work on the Grand Canal of 
China; in some regions every able-bodied man between fifteen 
and fifty was taken. By 610, the Grand Canal was complete at 
a cost of thousands of lives and a fortune in money. 

But this immense enterprise put a heavy strain on the 
country, and Yang Ti’s dictatorial ways earned him the hatred 
of the people. His own followers turned against him, and in 
618 he was slain in his palace. A general named Li Yuan be¬ 
came emperor, founding the T’ang Dynasty, under which 
China would equal and even surpass the splendor of Han 
times. 

China was reborn under the T’ang emperors. The bar¬ 
barians were driven back, the prestige of the central govern¬ 
ment was restored, and Chinese power expanded into sur¬ 
rounding regions, from Korea to the borders of India. The 
high point of the T’ang came under the strong emperor Ming 
Huang, who ruled from 712 to 756. His capital, Ch’ang-an, 
became one of the key cities of the world, drawing travelers 
from many lands. In that magnificent city, which occupied 
thirty square miles and had a population of more than a mil¬ 
lion, there could be found Arabs, Persians, Syrians, Koreans 
and Japanese, men of Tibet and men of Samarkand, even 
envoys from far-off, glittering Byzantium and ambassadors 
from India. This multitude of foreigners brought fresh ideas 
into China. After long and troubled centuries of isolation, the 
Chinese were exposed to all that the West had to offer. 

In the T’ang period the Chinese invented printing, hun¬ 
dreds of years before it came into use in Europe. Gunpowder 
was developed, although it was not yet used for warfare, only 
for such innocent things as fireworks displays. From Arab 
travelers who visited China we learn that T’ang scholars used 
a system of shorthand to take notes, but that it was so com¬ 
plicated it took twenty years to master. Another Arab account 
of T’ang China describes something not too different from 
fingerprinting: “When any contract is entered into,” it de- 


dares, it was customary “for the outline of the fingers of the 
parties to be traced upon the document. For experience shows 
that no two individuals have fingers precisely alike.” 

This brilliant and inventive era ended with terrifying sud¬ 
denness. While Emperor Ming Huang surrounded himself 
with a galaxy of poets, musicians, and scholars, enemies were 
gathering beyond the Chinese borders. A Turkish tribe, the 
Uighurs, had conquered Mongolia in 745 and now was press¬ 
ing against the weakest section of the Great Wall. To the east, 
in what now is called Manchuria, a nomad tribe known as the 
Khitan was moving southward. And in the far west, Arabs 
were invading the Chinese-dominated city-states of Ferghana, 
Tashkent, Bokhara, and Samarkand. 

A savage battle in 751 resulted in the slaying of fifty' thou¬ 
sand Chinese soldiers by the Arabs, who took control of the 
whole western region. In the midst of the confusion there was 
a revolution within the country; Ming Huang was forced to 
quit the throne in -56, but the following year his son smashed 
the rebels and became emperor. By then, though, T’ang power 
was broken. The new emperor had employed Arab and Uighur 
soldiers to put down the revolution, and now they could not 
be controlled. They roamed through China, raiding and 
marauding, and in the end the Uighurs established themselves 
as overlords of China, with the T’ang emperors following their 
bidding. 

One weak emperor followed another. The T’ang Dynasty 
dragged on in a ghostly way until the year 906, when a Chinese 
rebel forced the twentieth T’ang emperor to give up his throne. 
Now began the Five Dynasties period, when the imperial title 
changed hands every few years. A Chinese historian who lived 
in the eleventh century begins his account of Five Dynasties 
times with the word, “Alas!,” and that sums it up. 

China was powerless. The Manchurian tribe known as the 
Khitan invaded Northern China in 935 and overthrew the cur¬ 
rent dynasty; eleven years later the Khitan ruler proclaimed 
himself Emperor of China, and called his dynasty the Liao, 
after a river in Manchuria. 

The Khitan barbarians of the Liao Dynasty never ruled all 
of China, only the northern half. The South came under the 
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control of a dynasty called the Sung in 960. The Sung Dynasty 
was one of the most famous in China’s history, although it 
controlled only part of the country, and a steadily shrinking 
part at that, during the 319 years it lasted. 

The Khitan were fierce warriors, but shortsighted rulers. In 
the conquered part of China they employed native Chinese 
officials, who kept the government running in the usual way. 
But the Khitan did not understand what was needed to keep 
Chinese farming going. The peasants of China had always had 
two main enemies, drought and flood. Ever since Shang Dy¬ 
nasty times, the government’s task had been to build canals 
and dams to store water in dry times and keep back floods in 
wet times. The Khitan, failing to grasp the importance of this, 
built no new canals or dams during the two hundred years 
they ruled Northern China. Nor did they repair the existing 
water-control systems. This in time would cause great diffi¬ 
culties for them. 

In the South, the Sung emperors dreamed of driving the 
Khitan back beyond the Great Wall and reuniting China. But 
that was a dream that could never come true; the Khitan were 
too strong. When the Sung armies went north to attack, they 
were badly beaten. And by 1004 the Khitan became tired of 
these battles and headed south to invade the Sung domain. 

Quickly the Sung emperor bought the Khitan invaders off 
with a heavy tribute that insured peace. At first it was 100,000 
ounces of silver and 200,000 pieces of silk a year, but the 
Khitan frequently raised the price of peace, and there was 
nothing the Sung could do about it. Soon a second nomad 
tribe, the Tangut of Tibet, was nibbling at Sung territory in 
the west, and there was another steep yearly tribute to pay. 

Though hemmed in on all sides by barbarians, the Sung 
Chinese still felt that they were living in good times. What 
remained of China was flourishing and happy. By 1100, there 
were at least five Sung cities with populations of more than a 
million. Canals and flood-control dikes insured prosperity. 
Merchants from many lands swarmed into the rich port cities. 
Painting and porcelain-making reached their highest peaks 
during the Sung period. 

Meanwhile the Khitan had troubles of their own, for they 
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were attacked in 1x15 by the Jurchen, a Manchurian tribe out 
of the forests of the far north. At about the same time the 
Khitan were struck by famine. Their careless policy of allow¬ 
ing dams and irrigation canals to fall into decay now hurt them 
badly. Agriculture suffered greatly. A chronicler of the time 
wrote in 1118, “The people stripped the bark from elm trees 
and ate it. Later, men even ate each other.” Starving men do 
not make good soldiers. By 1122 the Khitan were in flight and 
the Jurchen ruled Northern China. 

Four years later they marched south and captured the Sung 
capital. The emperor was taken prisoner; but his brother 
escaped and fled south of the Yangtze River, where he founded 
a new court. From 1126 on the dynasty was known as the 
Southern Sung, because it ruled over only a small part of the 
former Sung territory. The Jurchen found it difficult to invade 
the Southern Sung lands, for the many rivers and canals of the 
south hampered the nomads’ cavalry. 

In 1141, the Southern Sung emperor signed a peace treaty 
with the Jurchen, agreeing to pay a yearly tribute of silver and 
silk. Under this arrangement the Southern Sung prospered, for 
no more money and manpower was needed for military ex¬ 
penses, and the government’s full attention could be given to 
developing the economy. The new capital city, Hangchow, 
grew large and grand. Marco Polo, the Venetian traveler who 
visited it in the thirteenth century, called it “beyond dispute 
the finest and noblest city in the world,” and Marco was a 
good judge, for he had seen more of the world than any other 
man of his day. 

The Southern Sung Dynasty developed the first navy in 
Chinese history. The Chinese merchant vessels known as junks 
began to sail to India and Arabia, carrying porcelains and silks 
to exchange for such rare commodities as ivory, incense, rhi¬ 
noceros horns, camphor, pearls, crystal, coral, agate, sandal¬ 
wood, aloe, and other precious substances "used by Chinese 
chemists, doctors, and jewelers. It was an era of elegance and 
luxury. 

But in the far north still another group of nomad barbarians 
was stirring: the Mongols. Once only simple herdsmen driving 
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their animals from one grazing land to another, the Mongols 
were shaped into an awesome fighting machine by their first 
great leader, Genghis Khan. 

Genghis Khan conquered much of the Jurchen realm. When 
he died in 1227, the Mongols had only begun to win the im¬ 
mense empire that would be theirs. He was succeeded as their 
leader by his son Ogodai, who returned to China in 1230 and 
within four years destroyed what was left of the Jurchen. China 
now was divided between the Mongols and the Southern Sung. 
Ogodai considered invading the South, but it did not seem 
worthwhile to him to seize that warm, wet country. 

Mongol hordes poured into the Near East and into Europe. 
By 1259, when Genghis Khan’s grandson, Kublai, became 
head of the Mongol world, he and his family ruled the greatest 
empire ever seen, stretching from the Yellow Sea to the banks 
of the Danube and from Siberia to the Persian Gulf. 

Kublai Khan, who had spent most of his life in China and 
preferred its civilized ways to the rough customs of his fellow 
Mongols, brought an end to the Southern Sung Dynasty. The 
foolish rulers of the southern region rashly attacked the Mon¬ 
gols, which provoked Kublai into a counterattack that turned 
into a war of conquest. By 1271 only a tiny part of the South¬ 
ern Sung domain remained free of Mongol control, and Kublai 
awarded himself the title of Emperor of China. He named his 
dynasty the Yuan, meaning “The First Beginning.’’ Within a 
few years the last Southern Sung emperor was dead and all of 
China belonged to the Mongols. 

Now that nearly all of Asia was bound into a single empire 
through which travelers could safely move, Europeans began 
to visit China for the first time. Merchants and missionaries 
set out for the Orient, among them the famous Polo family of 
Venice—Niccolo and Maffeo, jewelers, and Niccolo’s son 
Marco. The elder Polos visited the court of Kublai Khan about 
1263 and made such a good impression that they were asked 
to go back to Europe and fetch “some hundred wise men 
learned in the law of Christ” to teach and preach in the 
Mongol Empire. They went back to Venice about 1270, but 
were unable to collect the hundred monks Kublai Khan 


2 9 


wanted; when they set out for China again they brought with 
them just two friars and Niccolo’s seventeen-year-old son 
Marco. 

The two friars became frightened and turned bach before 
traveling very far, but the three Polos reached China in May, 
1275. They did not see Europe again until 1295. During their 
long stay in China, they became officials of Kublai Khan’s 
government; Marco was made a sort of roving ambassador 
who was sent as far away on official business as Burma, Tibet, 
and India; and after their return to Europe, Marco wrote a 
book of his travels that provided a marvelous picture of the 
mysterious Oriental world he knew so well. 

Other travelers followed the Polos to China, but as the 
descendants of Kublai Khan began to lose their grip on their 
empire, the trip became more hazardous. Rebellions against 
the Mongols threw Asia into confusion. A Chinese peasant 
named Chu Yuan-cliang organized an army that drove the 
Mongols, who were heavily outnumbered and had lost their 
will to fight, toward the Great Wall. By 1371 they were chased 
entirely out of China. 

Chu Yuan-cliang named himself emperor and called his 
dynasty the Ming, or “Brilliant” Dynasty. China’s new rulers 
were wary men, conservative and cautious. They had freed 
their country from foreign rule after centuries of outside dom¬ 
ination, and they resolved not to repeat the mistakes of the 
past. Contact with foreigners was prohibited; the caravan 
route to the West was closed, and few ships were allowed to 
call at the Chinese ports. The Great Wall was repaired once 
again and made stronger than ever. China’s attitude toward 
the outside world was not too different from that of today: 
fearful, untrusting and hostile. 

In this tense atmosphere, science and technology ceased to 
grow. Just at a time when Europe was beginning its own scien¬ 
tific awakening, China gave up her position as the world’s lead¬ 
ing technological center. The Ming rulers preferred to look to 
the past rather than to the future; they were suspicious of any 
new ideas, any new way of doing or making things. Ming 
China was famous for its porcelain vases, but not for its in- 
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ventive scientists. When Europeans began to arrive once more, 
they found a country that was still ahead of the Western world 
in many respects, but that in others was falling far behind into 
superstition and error. 

The “foreign devils” came in 1514, when the tenth Ming 
emperor was on the throne. They were Portuguese adven¬ 
turers who came by sea, and they did not get much of a chance 
to see China, for the Chinese refused to let them come ashore. 
In later years the Portuguese did win permission to set up 
trading posts at certain ports, and about the same time—the 
middle of the sixteenth century—Spanish missionaries came 
from the Philippines to convert the Chinese to Christianity. 
They sent back to Europe descriptions of a gigantic and un¬ 
usual land, fascinating in its mixture of high culture and prim¬ 
itive ways. 

The Ming emperors did not hesitate to make use of Euro¬ 
pean abilities. When the Mongols again threatened to attack 
from north of the Great Wall, the Chinese—whose ancestors 
had invented gunpowder itself!—asked the Portuguese to de¬ 
sign bronze cannons for them. These weapons, twenty feet 
long, were known at first as Ta Chiang Chun , “Great Gen¬ 
erals,” but later were called Fo Lang Ch’i, “Foreign Weap¬ 
ons.” 

A Jesuit priest who came to China in 1582, Matteo Ricci, 
gave the Chinese court its first insight into the progress science 
had been making overseas. Ricci, a brilliant scholar with a 
deep understanding of mathematics, astronomv, geographv, 
and many other sciences, also had a knack for languages, and 
learned to speak Chinese like a native. This allowed him to 
win the friendship of important court officials who questioned 
him closely about European scientific matters. They asked him 
to make a map of the world with Chinese captions, which he 
did, carefully putting China in the center so his hosts would 
not take offense. One of Ricci’s Jesuit companions wrote that 
to the Chinese, “the heavens are round but the earth is flat 
and square, and they firmly believe that their empire is right 
in the middle of it. They do not like the idea of our geog¬ 
raphies pushing their China into one corner of the Orient. 


They could not comprehend the demonstration proving that 
the earth is a globe, made up of land and water, and that a 
globe of its very nature has neither beginning nor end.” 

Ricci also made astronomical spheres and globes out of cop¬ 
per and iron, illustrating the skies and showing the true shape 
of the earth. lie built a clock that struck the hour on a large 
bell, which amazed the Chinese, even though a few centuries 
before they had themselves done extraordinary things with 
clockwork mechanisms. Though he did not become a Chris¬ 
tian, the emperor treated Ricci warmly and gave him many 
important scholarly tasks. 

The emperor at this time, Wan-li, was a lazy, superstitious, 
and extravagant man. He spent colossal sums to build palaces 
and to celebrate his marriage and those of his sons, but pro¬ 
vided no money to build dikes and canals. By 1599, the country 
was nearly bankrupt. As Wan-li’s long reign dragged along, 
even the Great Wall was ignored and began to fall apart. 
When he died in 1620, after ruling thirty-eight years, the 
empire was close to collapse and China was ripe for another 
barbarian invasion. 

Nomads who called themselves the Manchus came out of 
Manchuria, the forest-covered northeast. They built a forti¬ 
fied capital just north of the Great Wall and began to raid 
China. At first the Chinese fought back ably, but their de¬ 
termination weakened after several key generals went over to 
the Manchu side. 

China was internally strife-ridden, too. In 1644 an ambitious 
Chinese warlord invaded Peking to depose the Ming emperor. 
Instead, the emperor committed suicide. 

The confusion caused by this rebellion opened the way for 
the Manchus. They burst through the Great Wall, drove the 
usurping warlord into flight, and seized the capital. A young 
Manchu prince became the first emperor of the Ch’ing, or 
“Pure,” Dynasty. The Manchus were the last of China’s long 
line of barbarian conquerors. They held their power for cen¬ 
turies, using Chinese officials to run the government and keep¬ 
ing themselves apart, speaking their own language and never 
letting themselves be absorbed by China. They had little in¬ 
terest in progress, particularly scientific progress; what con- 
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cerned them most was maintaining law and order in the huge 
land they had conquered. 

There were two outstanding Manchu emperors, long-lived 
and capable. The first was K’ang-hsi, who came to the throne 
at the age of seven in 1661. This shrewd and alert ruler did 
not scorn knowledge when he thought it could be useful to 
him. He made good use of the Jesuits who had remained in 
China during the collapse of the Ming Dynasty; they built 
cannons and other devices for him, carried out astronomical 
research, and went on long missions of exploration so that 
China could be mapped and surveyed. When K’ang-hsi died 
in 1722, though, after a reign of sixty-one years, one of his 
thirty-five sons became emperor and turned against the Chris¬ 
tian missionaries. He ordered them to remain in either of two 
Chinese cities, and refused to let new priests enter the country. 
In this time of scientific decline in China, the Jesuits had been 
responsible for nearly every advance over the ancient ways, 
and this imperial decree pushed the country deeper into sleepy 
backwardness. 

This emperor was followed by another great ruler, Ch’ien- 
lung, the grandson of K’ang-hsi. He began his rule in 1735, 
when he was twenty-five years old. He was a courageous, 
intelligent monarch, heroic on the battlefield, who conquered 
lands bordering China and put together an empire even 
greater in size than that of T’ang days. However, though he 
was himself a learned man, Ch’ien-lung was also a tyrant who 
feared the power of the written word. He assembled a library 
of 36,000 volumes, intended to represent all the worthy litera¬ 
ture of China; but the emperor himself decided, for political 
reasons, what was worthy and what was not. Any book that 
spoke harshly of the Manchus or insulted previous “barbarian” 
dynasties was destroyed. The officials in charge of the book¬ 
burning seized the opportunity to wipe out a great deal of 
“dangerous” knowledge. Some 2,300 books were forbidden 
altogether, and hundreds of others were partially censored. 
Fiction, poetry, encyclopedias, histories, geographies, and sci¬ 
entific works were thrown to the flames after house-to-house 
searches for all copies. Some scholars were punished for 
having written “improper” books and a few were put to 
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death. Not only did this take many books of useful informa¬ 
tion out of circulation, but the atmosphere of suppression 
discouraged those who might have done new research. 

Ambassadors from many European countries came to China 
during the eighteenth century. These countries were eager to 
sell their goods to the Chinese and to buy the fine merchan¬ 
dise China offered, and they sought the emperor’s permission 
to engage in trade. 

Most of these embassies accomplished nothing. Ch’ien- 
lung felt that China had no need to do business with for¬ 
eigners, and had only contempt for his visitors. Though his 
great-great-grandfathers had been wild nomads, Ch’ien-lung 
looked at Europe through Chinese eyes and thought of it as 
a place that had been inhabited by savages at a time when 
China had already been civilized. He did not hide his lack of 
respect toward Europe’s envoys. 

So, as we have already seen, he spoke mockingly to the 
British ambassador, George Macartney, who arrived in 1793. 
Macartney came with ninety-five people, not only diplomats 
and interpreters but also an artist, a watchmaker, a maker of 
mathematical instruments, five musicians, and a botanist. But 
Ch’ien-lung showed little interest in the abilities of these 
Europeans. His court officials ordered Macartney to honor the 
emperor by performing “the three kneelings and the nine 
knockings of the head,” as etiquette demanded. Macartney 
replied bluntly that he would bend one knee before Ch’ien- 
lung, as he would before King George III, but would go no 
further. He had his way, but frictions of this sort marred the 
visit from first to last, and England did not get the trade treaty 
with China that she desired. 

In 1795, Ch’ien-lung stepped down from the throne. He 
said he had ruled as many years as the great K’ang-hsi and did 
not wish to hold the throne longer than his famous grand¬ 
father. Four years later he died, almost ninety years old. 

The Manchu emperors who followed him were weak. 
Flood and famine struck China, and there were constant 
rebellions. There were no more invasions from beyond the 
Great Wall, for all the barbarians by now were part of the 
empire. But invaders came peacefully by sea—European mer- 
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chants who carved up China as they pleased and ran the 
country for their own profit. The government was too feeble 
to keep the foreigners out. 

In 1912 the end came for the Manchus. The Ch’ing 
Dynasty was swept away to join the Han and the T’ang and 
the Sung and the others in the history books. After twenty- 
two centuries as an empire, China became a republic. How¬ 
ever, the republic never achieved much control over the 
sprawling colossus that is China, and a civil war dragged on 
for decades until in 1949 a Communist dictatorship seized 
power. 

Throughout most of China’s stormy and complicated his¬ 
tory one thing has remained constant: a high level of sci¬ 
entific and technical ability. Let us look, now, at some of the 
individual achievements of ancient China’s great scientists 
and engineers; and then, perhaps, we can try to understand 
how this nation has been able to contribute so much, over so 
many thousands of years, to the advancement of civilization. 
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Marco Polo, describing Peking in the thirteenth century, 
wrote that there were in the city “about five thousand astrolo¬ 
gers and soothsayers, for whom the Great Khan makes yearly 
provision of food and clothing as he does for the poor. These 
regularly practice their art in the city. They have a sort of 
almanac in which are written the movements of the planets 
through the constellations, hour by hour and minute by 
minute, throughout the year. Every year these astrologers, 
Christian, Saracen [Moslem], and Cathayan [Chinese], each 
sect on its own account, examine in this almanac the course 
and disposition of the whole year and of each particular moon 
[month]. For they search out and discover what sort of condi¬ 
tions each moon of the year will produce in accordance with 
the natural course and disposition of the planets and constel¬ 
lations and their special influences: in such-and-such a month 
there will be thunderstorms, in another earthquakes, in 
another lightning and heavy rain, in yet another deadly 
outbreaks of pestilence and wars and civ il dissensions. And 
so month by month in accordance with their findings . . . 
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they will make many little booklets in which they will set 
clown everything that is clue to happen in the course of the 
year, moon by moon. These booklets are called tacuim and are 
sold at a groat apiece to anyone who cares to buy, so that 
he may know what will happen throughout the year. And 
those who prove to be the most accurate in their predictions 
will be reckoned the most accomplished masters of their art 
and will gain the greatest honor.” 

Astrology—the belief that the movements of the heavenly 
bodies control events on our world—is no science, but it is the 
ancestor of one. In order to make accurate predictions of the 
future according to whatever magical system he uses, the 
astrologer needs the most accurate possible observations of 
the heavens. A true astrologer—one who believes that what 
he is doing is scientific—would argue quite seriously that 
nothing but faulty predictions would come from faulty data. 
Therefore, ever since ancient times astrologers have been 
scanning the sky with care and keeping detailed records of 
what they have seen. Though their motives may have been 
unscientific, their results were not; out of their work came 
the beginnings of astronomy. Even Johannes Kepler, the great 
German astronomer of the early seventeenth century, was 
a part-time astrologer. Kepler, who was the first man to cal¬ 
culate the correct orbits in which the planets move about the 
sun, earned his living by casting astrological horoscopes for 
the wealthy. 

No one knows how far in the past astrology originated. But 
at least three thousand years ago the Babylonians of Mesopo¬ 
tamia were watching the stars with diligence and zeal. Prob¬ 
ably they were the world’s first astronomers for they made 
painstaking records of the planets, the stars, eclipses, comets, 
and much else. A few of these records, written on clay tablets, 
have survived and can be translated, and they have helped 
astronomers to carry their picture of the universe back many 
years. 

The Chinese also began to study both astrology and astron¬ 
omy at an early date, but probably five hundred years or more 
after the Babylonians. The oldest reliable Chinese astro- 


37 


nomical observations go back to about 800 b.c., though there 
are legendary tales of astronomers at the courts of such 
mythical emperors as Huang Ti and Yao, who supposedly 
ruled some three thousand years ago. 

Though the Chinese astronomers were not the first, they 
remained longest at their tasks. Babylonia was conquered by 
the Persians in the sixth century b.c., and her star-watchers 
ceased to keep records soon after that; but the Chinese went 
on, century after century, with few interruptions. Even in 
times of barbarian invasion the records were maintained; and 
so there is a period from about 500 b.c. to a.d. 1000 in which 
the Chinese astronomical observations are almost the only 
ones we have. 



None of the ancient astronomers used telescopes. They were 
limited to what their naked eyes alone would show them. 
Yet they had other instruments, such as sighting-tubes that 
screened city lights to make the stars look brighter, and cross- 
arms that allowed a squinting astronomer to get a fairly good 
reading of the position of a planet against the backdrop of 
stars. With these devices—and a great deal of patience—it 
was possible to compile detailed studies of the heavenly bodies 
and their motions. 

This work was important not only in making astrological 
predictions, but also in keeping a proper calendar. The calen¬ 
dar, which we take so much for granted, is a complicated 
document based on astronomical observations: it takes much 
careful watching of the skies to know the exact length of the 
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year (the time it takes the earth to go onee around the sun) 
or of the day (the time it takes the earth to make one turn 
on its own axis). Making these observations fit into a work¬ 
able calendar is a challenge that is not entirely solved even 
today. We ourselves must use such things as leap years to 
make everything come out properly. As recently as 1582, our 
calendar had to be overhauled drastically because it was 
lagging ten days behind the true time of the change of 
seasons. 

To the Chinese, who depended so much on farming, an 
accurate calendar was essential. They had to know when to 
plant their crops, when to hold the religious festivals that 
would bring a good harvest, and so on. If the calendar missed 
by only a few hours in telling the true length of the year, 
things would slide so that in time the calendar would an¬ 
nounce the coming of spring when it was really the middle 
of winter, and so on. To prevent such confusion, each em¬ 
peror employed a staff of astronomers who checked the 
calendar against the stars and made necessary corrections. 
When a new dynasty took power, it was customary for the 
first emperor to proclaim a new and more accurate calendar. 

The oldest reference to Chinese astronomy is in a work 
called the Shu Ching, which was written some time before 
500 b.c., perhaps as early as 800 b.c. This book tells how the 
legendary Emperor Yao commanded two brothers, Hsi and 
Ho, “to compute and delineate the sun, moon, and stars, 
and the celestial markers, and so to deliver respectfully the 
seasons to be observed by the people.” That is, they were 
ordered to construct a calendar, but it also seems that the 
two official astronomers had magical powers, for they were 
told to travel in turn to the four ends of the earth, stop the 
sun on its path at the proper time, and turn it back when the 
season should change. A later chapter in the Shu Ching re¬ 
lates how the emperor had Hsi and Ho put to death for 
neglecting their duties. They had failed to perform a certain 
ritual, and an eclipse of the sun had occurred as a result. 
(In 1895 a British astronomer calculated that such an eclipse 
had been visible in Northern China in 2136 b.c. He suggested 
that it might have been the one that had brought doom to 
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Hsi and IIo, if they were real rather than mythological.) 

Very early in China’s history an official government de¬ 
partment of astronomy was founded; 'it continued to exist 
under one name or another for more than two thousand years. 
Sometimes there were two such departments at once, which 
were supposed to make duplicate observations as a check on 
each other’s work. This work was not always done very well. 
P’eng Ch’eng, a Sung Dynasty astronomer who took charge 
of the department in about 1070, complained that the two 
sets of observers were not using their equipment, but were 
making rough calculations by guesswork, and then were copy¬ 
ing each other’s reports instead of comparing them critically. 
His successor as Imperial Astronomer, Slien Kua, told of an 
examination for the department in which the candidates were 
asked to write essays “on the instruments used for gaining 
knowledge of the heavens. But the scholars could only write 
confusedly about tbe celestial globe. However, as the exami¬ 
ners themselves knew nothing about the subject either, they 
passed them all with a high class.” 

Despite such lapses, Chinese astronomy had a remarkable 
record of performance. Both in observation and in theory it 
was far ahead of anything done in the Western world before 
the seventeenth century. For example, in 134 b.c. the Greek 
astronomer Hipparchus compiled a list of 850 stars and their 
positions. Nothing better was done in the West for some six¬ 
teen hundred years; late in the sixteenth century the cele¬ 
brated Danish astronomer Tycho Brahe assembled an im¬ 
proved star catalog, but as late as 1602 only 1,022 stars had 
been mapped, though more than ten thousand are now known 
to be visible to the naked eye. 

In China, however, star charts were being drawn in the 
Shang and early Chou periods, a thousand years or more 
before Hipparchus, and by 300 b.c. three different astronomers 
had made star catalogs listing many hundreds of stars. One 
map of the stars and constellations based on all three early 
catalogs was drawn in a.d. 310; it showed 283 constellations 
and 1,565 stars. The West could not match this for another 
fourteen centuries. 

Some of the most famous Chinese astronomical work was 
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done with eclipses of the sun and moon. An eclipse of the 
moon occurs when the sun, earth, and moon are lined up in 
such a way that the shadow cast through space by the earth 
covers the moon. An eclipse of the sun occurs when the moon 
is positioned between the earth and sun so that it seems to 
cover part or all of the sun. Solar eclipses are more common 
than lunar ones; but a lunar eclipse can be seen from any 
point on the side of the earth where night has fallen, while a 
solar eclipse is visible only along a small path on the earth’s 
surface. Thus any given place will see more lunar than solar 
eclipses. 

Eclipses are dramatic events—particularly a total eclipse of 
the sun, which is terrifying to anyone who does not under¬ 
stand why the sun is disappearing in daytime—and early 
astronomers paid close attention to them. The Babylonians 
discovered that there is a cycle in which the sun and moon 
go through all possible positions, returning at the end to their 
original places. This cycle, which they called the saros, lasts 
eighteen years and eleven days, and during each saros there 
are forty-one solar and twenty-nine lunar eclipses. The Chi¬ 
nese never discovered this, but in Han times they did work 
out a shorter cycle of their own, covering eleven years and 
three months, in which twenty-three eclipses took place. 

They were keeping records of eclipses as early as the Shang 
era. Shang “oracle bones” mention lunar eclipses in the years 
1361, 1342, 1328, 1311, 1304, and 1217 b.c., and an eclipse of 
the sun in 1217 b.c. Modern astronomers can show mathe¬ 
matically that those eclipses actually did take place. Watching 
eclipses, particularly lunar ones, was important to the Shang 
people because it provided a check on the accuracy of their 
calendar system, which was based on the phases of the moon. 
A lunar eclipse can occur only on or near the date of a full 
moon, as they discovered. Therefore they watched closely for 
eclipses, for if the moon were blotted out at the “wrong” 
time of the month it would indicate something awry with 
their calendar. 

Eclipse-watching continued methodically through all the 
succeeding eras, with the records becoming extremely detailed 
and reliable from Han times onward. Nearlv one thousand 
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solar eclipses and about six hundred lunar ones are listed up 
to the year 1785; some of the earlier ones were also noticed 
bv Greek or Roman astronomers, but most of the others are 
known to 11s only from the Chinese annals. Sometimes the 
records fail to show an eclipse in a year that we know an 
eclipse took place. Historians think that this oversight may 
have been made purposefully for political reasons. Eclipses 
were considered “warnings from heaven” by the Chinese, and 
occasionally the government ordered the mention of an eclipse 
stricken from the records so that it would not appear that 
heaven was warning it too often. 

Since eclipses did have this political significance, in China 
as in many other lands, it was useful to be able to predict 
when they were likely to occur. This, of course, could not be 
done until there was some understanding of what caused 
them. 

The earliest known correct eclipse prediction was made by 
the Greek philosopher Thales of Miletus, who successfully 
foretold the eclipse of 585 b.c. The Greeks had already come 
to realize that the moon shines by reflecting the light of the 
sun, and that the moon would be eclipsed when the earth 
kept the sun’s light from reaching it. A Chinese book written 
about 400 b.c. declared, “The sun gives to the moon her 
appearance, so the moonlight shines brightly forth,” but 
mistaken theories of moonlight continued to persist for some 
time in China; a favorite idea was that eclipses of both the 
sun and the moon were caused by a dimming of the bright¬ 
nesses of those two heavenly bodies. By later Han times— 
about a.d. 150—the truth was clear that eclipses were caused 
by one heavenly body getting in the way of another’s light. 
Now it was possible for the Chinese astronomers to predict 
eclipses by calculating the path of the moon. They became 
skilled at forecasting lunar eclipses, and by the year 400 they 
were not only predicting solar eclipses but were even at¬ 
tempting to predict the path along which the eclipse would 
be visible. 

Later, during China’s civil disorders, the official court as¬ 
tronomers were less skillful. This was particularly true, it 
seems, under the Southern Sung Dynasty. A book written in 
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about 1200 lists a number of errors made by the imperial 
astronomers and declares, “The astronomical officials were 
found guilty of negligence and severely punished. Since the 
capital moved to the south of the river, the calendar has 
been full of mistakes.” Under the Ming, the level of Chinese 
astronomy sank even lower, and earlier methods were for¬ 
gotten or ignored. One of the reasons why the Jesuits were 
able to win favor at the court in the late sixteenth century 
was that they were able to show the Chinese astronomers 
how to predict eclipses, which the Chinese no longer were 
able to do. 

The depth to which Chinese astronomy had fallen in 
Ming times is indicated by this passage from the journal of 
a Jesuit missionary of the sixteenth century. Nicholas Trigault, 
a companion of the famous scientist-priest Matteo Ricci, 
wrote: 

“Up to Ricci’s time they [the Chinese astronomers] did 
not realize that an eclipse of the moon was caused by the 
earth coming between the moon and the sun. Their absurd 
explanation of an eclipse added more darkness to their minds 
than to the moon itself. Some of their sages said that the 
moon came face to face with the sun and lost its light from 
sheer fright. Others said that there was a hole in the sun 
and when the moon passed in front of that hole, it could 
receive no light.” 

Father Trigault would not have felt such contempt for the 
Chinese if he had realized that they had understood the true 
causes of eclipses centuries before—so long before his time 
that the truth had been forgotten. 

Chinese astronomers have given us a wealth of information 
about many other heavenly events, including the most spec¬ 
tacular ones of all—the explosions of stars. Stars blow up 
regularly all over the universe, and such explosions are marked 
by a sudden increase in their brightness, perhaps by as much 
as a million times. We call such exploding stars novas, from 
the Latin word meaning “new,” and if the explosion is un¬ 
usually violent a supernova is produced. The abrupt appear¬ 
ance of a bright new star in the heavens has the greatest 
importance for astrologers, and such events have created 
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much excitement whenever they have occurred. It has been 
suggested that the Star of Bethlehem that shone in the East 
at the time of Christ’s birth was a supernova; but no such 
happening was recorded by the only astronomers who were 
paying attention to such things then, the Chinese. 

In fact, only three supernovas have been observed on earth 
since the dawn of civilization, and two of these came in the 
same generation. One was the supernova of 1572, called 
“Tycho’s Star” because it was studied in detail by Tycho 
Brahe. This star was so bright that for months it could be 
seen even in daytime; it led to frightened predictions that 
the end of the world was near. After a couple of years it 
faded from view, as all supernovas and novas do when the 
explosion that created them dies down. In 1604 came another 
brilliant new star, which is known as “Kepler’s Star” because 
it was studied by Tycho’s brilliant pupil Johannes Kepler. 

The first known supernova burst into view in 1054. It must 
have caused panic and bewilderment in Europe in that super¬ 
stitious era, but, strangely, none of the chronicles of the time 
mention it. Many Chinese astronomers commented on it, 
though, both at the Southern Sung capital and at the capital 
of the Khitan in the North. One wrote, “Originally this star 
became visible in June in the eastern heavens. ... It was 
visible by day, like Venus; pointed rays shone out from it on 
all sides. The color was reddish-white. Altogether it was visible 
for twenty-three days.” A court astrologer was asked for his 
opinion of the meaning of the event, and observed that the 
“guest star,” as it was called, sometimes had a yellowish color. 
Since yellow was the color that symbolized the emperor, the 
astrologer declared, “This shows that a Plentiful One is Lord, 
and that the country has a Great Worthy.” 

The supernova of 1054 must have been several hundred 
million times as bright as our sun. The part of the sky in 
which the Chinese astronomers said it appeared is now 
occupied by the Crab Nebula, a bright cloud of matter that 
is steadily getting larger. Modern astronomers agree that such 
a cloud was formed by a stellar explosion, and that the rate 
at which it is growing indicates that the explosion would first 
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have become visible from earth about nine hundred years 
ago—at the time when the “guest star” blazed in the heavens. 

Ordinary novas, which are much more frequent, were 
known to the Chinese as early as 1300 b.c. A Shang oracle 
bone inscription tells how, “on the seventh day of the month 
a great new star appeared,” and another bone dated two days 



later tells of the dwindling or disappearance of the new star. 
Chinese astronomical records list many other novas from Han 
to Ming times, usually giving the date of first appearance, the 
time the phenomenon lasted, the brightness and color of the 
star, and its position in the sky. Without these precise ac¬ 
counts, astronomers of our own day would know far less about 
the frequency with which novas have occurred. 

Comets, which sweep across the skies in a trail of light, 
vanish, and sometimes reappear many years later, also at¬ 
tracted the attention of the Chinese astronomers. The most 
famous comet is Halley’s Comet, which returns about every 
seventy-six years. Edmond Halley, the British astronomer, 
observed this comet in 1682, and was struck by its resemblance 
to comets that had been seen in Europe in 1607 and 1531. 
Halley decided that these were not three different comets, 
but one, which moved through our solar system on a long 
orbit that regularly brought it back into view. He predicted 
that it would return again between 1757 and 1759. Although 


45 




he did not live to see it, the comet came back on schedule, 
reaching its point of maximum closeness to the sun in March, 

' 759 -' . . 

Fhis impressive fulfillment of the prediction gave the first 
proof that the movements of comets can be plotted, at least 
some of the time, just as those of planets are. Astronomers 
now rushed to the history books to see if any references to 
Halley’s Comet earlier than 1531 could be found. Sure enough, 
a great comet had been seen in 1456; but there was nothing 
else in the chronicles at the right dates except in 1066, when 
a great comet had flashed in the heavens and was taken as an 
omen of the defeat of England by William the Conqueror. 

The next test for Halley’s Comet came in 1835, when the 
seventy-six-year cycle again fulfilled itself and brought the 
comet back. By now western astronomers had learned of the 
treasure trove of ancient astronomical observations made by 
the Chinese; and in their eagerness to know more about the 



comet they had translations made of the Chinese records. 
The Chinese, naturally, had made a note of the comets of 
1759, 1682, 1607, 1531, and 1456. But their records went 
on and on, back into the blank area before 1456, and every 
seventy-six years the comet was found. The comet of 1066 
was there, and so were many others. From the observations 
the Chinese had made, Western astronomers were able to 
calculate the orbits of these ancient comets and show that 
they were indeed Halley’s. The earliest Chinese mention of 
the comet was in 467 b.c. It had been seen in 240 b.c. by the 
astronomers of Ch’in Shih Huang Ti; it had been watched 
by Han Dynasty astronomers in 163, 87, and 11 b.c.; it had 
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been studied again in a.d. 66, and so on. The last doubts 
about the rhythm of Halley’s Comet were removed, and it 
came as no surprise to anyone when the comet swung into 
view again in September, 1909. 

At least Westerners had paid some heed to comets, even 
if their records could not compare with those of China. But 
in the case of sunspots, not only did Europeans rarely notice 
them at all, they refused to believe in them when they did 
see them—while the Chinese were studying them with care 
before the time of Christ. Sunspots are dark, cloudlike areas 
that form on the surface of the sun and drift across it like 
clouds; some of them are as much as fifty thousand miles in 
diameter: far larger than the earth. Medieval philosophers in 
Europe taught that the sun, like all heavenly bodies, was 
“perfect” and therefore could not have blemishes. When sun¬ 
spots were sighted, then, they were argued away as something 
else altogether—perhaps the shadow of Mercury or Venus pass¬ 
ing in front of the sun. Not until 1613, when the telescope 
had come into use, was Galileo Galilei able to prove that the 
spots must be blotches on the face of the sun. 

The Chinese were not troubled by philosophical ideas of 
what the physical nature of the sun ought to be like, and so 
they were free to accept the evidence of their eyes. They 
looked at the sun through thin pieces of jade or rock crystal, 
to protect their eyes, and were able to observe the larger sun¬ 
spots, which they realized must be on or in the sun—not 
hovering above it as Europeans would claim. The earliest 
known Chinese reference to sunspots dates from 28 b.c.; they 
are mentioned hundreds of times in Chinese records between 
then and Galileo’s time. The Chinese observers attempted to 
give some idea of the size of the spots by noting that they 
were “as big as a coin,” “as big as a hen’s egg,” “as big as 
a peach,” and so forth. We know today that sunspots are 
most frequent every eleventh year, and that at the peak of the 
eleven-year sunspot cycle there is unusually stormy weather. 
The Chinese sunspot records, which go back so many more 
centuries than any systematic Western ones, confirm that this 
eleven-year cycle has been occurring constantly during most 
of that time. 
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The astronomers of China made use of many ingenious 
devices to help them in their work—not only sighting instru¬ 
ments but also elaborate mechanisms with gears and wheels 
that made models of the heavens turn. These wondrous 
machines were far beyond any mechanical work being done 
in Europe at that time. The most famous of these devices 
was the astronomical clock tower of Su Sung, built between 
1088 and 1090. This was the remarkable product of a remark¬ 
able man. 

Su Sung was a diplomat and civil servant in the time of the 
Sung Dynasty, and was also an outstanding scientist with 
interests in astronomy, mathematics, botany, zoology', and 
many other fields. In 1077 he became involved in an embar¬ 
rassing astronomical incident when he was sent as an ambas¬ 
sador to the court of the Khitan emperor ruling Northern 
China. Su Sung’s mission was a delicate one: he was supposed 
to convey birthday greetings from the Sung Dynasty emperor 
of the South to the emperor of the dangerous and warlike 
Khitan barbarians. The Khitan emperor’s birthday fell on the 
winter solstice—that is, the first day of winter, the shortest 
day of the year. The Sung Dynasty calendar was inaccurate, 
because of the negligence of the court astronomers, and winter 
actually came one day later than the Sung calendar said it 
did. On the other hand, the Khitan, although mere barbarians, 
were using an accurate calendar that had been constructed for 
them by Chinese astronomers in their service. When Su Sung 
reached the Khitan court, therefore, he was one day too early 
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to offer his birthday congratulations, and the court officials 
would not admit him to the throne room. 

Finally he got to see the Khitan emperor, but it was a 
humiliating experience for an envoy of the highly cultured 
Sung to undergo. When he returned to K’aifeng, the Sung 
Dynasty’s capital at the time, Su Sung told the story to the 
emperor, who ordered his erring astronomers punished and the 
calendar revised. 

When a new emperor took the Sung throne in 1086, he 
asked Su Sung to create a machine for exact astronomical 
observations, so the calendar would never be in error again. 
Su Sung produced a two-story tower thirty-five feet high that 
was a masterpiece of cleverness. The heart of it was a giant 
clock driven by waterpower: water constantly flowed out of 
a tank always kept full, into thirty-six scoops mounted on a 
driving-wheel eleven feet across. An iron shaft supported on 
bearings was attached to this wheel; the wheel turned the 
shaft, which moved gears that controlled the clock. So long 
as the water flowed at the same rate, the clock would keep 
reasonably accurate time. 

On the lower floor of the tower, puppets popped out of 
doors to announce the time with bells, gongs, drums, and 
signs. But the tower did more than tell time. A chain-drive 
almost twenty feet long transmitted power from the shaft to 
a globe on the upper floor of the tower. An arrangement of 
gears turned models of the planets that moved over the sur¬ 
face of the globe as they do in the heavens. Finally, on a plat¬ 
form on the roof of the tower there was a second sphere made 
up of nests of rotating rings on which the stars were marked. 
Using this, an astronomer could scan the heavens through a 
sighting tube that would automatically move to follow a 
particular star as it crossed the sky at night. (Actually it is 
the stars that remain motionless and the earth that turns, a 
truth that some Chinese astronomers had guessed quite early, 
though it was denied in Europe until the sixteenth century.) 
Su Sung’s intricate group of devices permitted fine calcula¬ 
tions of the positions of the heavenly bodies, on which any 
calendar had to be based. 

The great astronomical clock nearly perished within a few 

49 
























































years. The emperor who had ordered its construction died in 
1094, and one of the ministers of the new emperor suggested 
that it should be torn down for political reasons. Admirers of 
the clock tower prevented this criminal act. 

In 1126 the Jurchen barbarians, who had conquered the 
Khitan in the North, invaded K’aifeng and captured most of 
the Sung Dynasty court. They greatly admired the astro¬ 
nomical devices they found in K’aifeng, and carried Su Sung’s 
clock tower away in carts to their own capital of Yen, near 
modern Peking. There, according to a history of the Jurchen 
written in 1340, the famous tower was reassembled and used 
by Chinese officials in the pay of the Jurchen, but “the 
celestial wheel, the equatorial gear-ring, the time-keeping 
gear-wheel, the celestial globe, the bells, drums, and quarter- 
striking jacks, the upper reservoir, the scoops, sump, and 
tanks, all broke or wore out after some years.” The tower 
itself and the great sphere of the heavens were struck by 
lightning and damaged in 1195. Thirty years later, when the 
Jurchen were fleeing before the attacks of the Mongols, it 
was proposed to melt down the now useless sphere to make 
weapons, “but the emperor did not have the heart to destroy 
it. On the other hand its bulk was so large that it would have 
been difficult to transport by cart, so in the end it was left 
behind. . . .” Su Sung’s fifteen-ton heavenly sphere fell into 
the hands of the Mongols, who set it up in their capital as 
a prize of war. It was, however, too battered to be repaired. 

Su Sung’s marvelous mechanism was all but forgotten when 
the Jesuit missionaries reached China in the sixteenth century. 
The Jesuits had brought chiming clocks, which the fascinated 
Chinese called “self-sounding bells.” Father Matteo Ricci pre¬ 
sented the emperor with a clock with three bells, which, one 
Jesuit wrote, “struck all the Chinese dumb with astonishment 
[for it] was a work the like of which had never been seen, nor 
heard, nor even imagined, in Chinese history.” The priest was 
wrong. While Europe had still been in the grip of ignorance, 
hundreds of years before, the Chinese had been building far 
more astonishing mechanical devices—and had been using 
them to study heavenly matters which Europe, in Father 
Ricci’s day, was only just beginning to comprehend. 
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One Chinese invention was so extraordinary that the Chinese 
themselves came to believe it was purely a myth. This was the 
“south-pointing chariot,” a two-wheeled cart that bore a 
figure whose hand always pointed to the south, no matter 
what direction the cart was drawn. 

According to one tale, this marvel was devised in about 
2800 b.c. by the legendary emperor Huang Ti while he was 
waging war against a rebel. The rebel had thrown up a smoke¬ 
screen of fog through which Huang Ti’s army had to find its 
way, and the south-pointing chariot showed the path. A dif¬ 
ferent story credits the chariot to the only slightly less legend¬ 
ary Duke of Chou, who is supposed to have lived about 1100 
b.c. In this version the duke fashioned the device in order to 
help certain ambassadors from Vietnam to get home. The 
Sung Shu , a book written about a.d. 500, says that the envoys 
had to cross “a boundless plain, in which people lost their 
bearings as to east and west, so the duke caused this vehicle 
to be made in order that the ambassadors should be able to 
distinguish north and south.” 





The Sung Shu also declared that the mathematician Chang 
Heng, who lived from a.d. 78 to 139, reinvented the south¬ 
pointing chariot, “but, owing to the confusion and turmoil 
at the close of the dynasty, it was not preserved.” Afterward, 
during the period when China was split into three kingdoms, 
two scholars of the kingdom of Wei “disputed about the 
south-pointing carriage before the court, saying that there was 
no such thing. But the emperor Ming Ti [who ruled from 
233 to 237] commissioned the scholar Ma Chun to construct 
one, and he duly succeeded.” This again was lost during the 
troubles brought on by the invasion of the Huns about a.d. 
300. 

The same book goes on to mention several such chariots 
invented at the orders of various emperors of short-lived 
dynasties in the fifth century a.d. The best of these was made 
by a man named Linghu Sheng. It had a wooden figure of 
a man with an upraised arm on it, and the mechanism was 
arranged in such a way that “although the carriage turned 
round and round, the pointer-arm still indicated the south. 
In state processions, the south-pointing chariot led the way, 
accompanied by the imperial bodyguard.” The Sung Shu adds, 
“These vehicles, constructed as they had been by barbarian 
workmen, did not function particularly well. Though called 
south-pointing chariots, they very often did not point true, 
and had to negotiate curves step by step, with the help of 
someone inside to adjust the machinery.” 

However, a certain Tsu Ch’ung-Chih, described as “that 
ingenious man from Fanyang,” volunteered in 477 to fashion 
a properly automatic one. He made good his boast, says the 
Sung Shu: “The workmanship was excellent, and although 
the carriage was twisted and turned in a hundred directions, 
the hand never failed to point to the south.” In the seventh 
century, two Chinese monks built one for the ruler of Japan; 
and in years that followed a number of others were made, 
including some miniature chariots little more than a foot 
high. The last of these is said to have been made in the 
fourteenth century, when the Mongols ruled China. After¬ 
ward, not only were no more south-pointing chariots built, 
but even the existing ones disappeared, so that modern 
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scholars, both Chinese and Western, began to doubt that any 
such device had ever existed. It was thought to have been as 
mythical as Huang Ti himself. 

But recent research has indicated that there probably was 
such a thing as a south-pointing carriage, and that the stories 
told by the Sung Shu may well be true. Examination of other 
ancient Chinese historical works indicates that Chang Heng 
quite probably did build one about 120, and that Ma Chun 
almost certainly did about a century later. Ma Chun, a highly 
skilled engineer who is known to have invented looms and 
water-pumping devices, surely had the technical skill for the 
job; and a book called Shu Cheng Chi (“Records of Military 
Expeditions”) written shortly after his time declares that the 
south-pointing chariot was kept in the northern garage of the 
government workshops at the capital. 

We can only guess what these early south-pointing chariots 
were like mechanically. But a book called the Sung Shih 
(“History of the Sung Dynasty”) written in the thirteenth 
century gave a detailed description of the machinery of two 
later south-pointing chariots. The first was constructed by an 
engineer named Yen Su in 1027 and had an arrangement of 
gears and wheels rigged to a vertical pole on which the south¬ 
pointing figure was mounted. The arm of the figure was set 
at the beginning to point in the desired direction. Then, if 
the chariot moved to the east, a gear attached to its right 
wheel would turn a certain number of notches. This in turn 
would move other gears, and a central horizontal wheel would 
cause the vertical pole to move, turning the figure. When the 
chariot was facing due east—at right angles to its original 
path—the figure would be swung around crosswise, so that 
its arm still would point south. The same was true for the 
other directions. 

The second chariot was the work of Wu Te-Jen in 1107. 
It was more complex than Yen Su’s, having pulleys, weights, 
and a great many gears. When the chariot changed course, 
the pulleys would let down weights that would operate the 
gears, turning the south-pointing figure exactly as far as was 
necessary to keep it in its original position. 

Just how accurate these south-pointing machines were is 
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a matter for debate. Apparently they worked well enough over 
short distances, and so were suited for public displays, espe¬ 
cially when there were visiting barbarians at court to be 
awed. But it does not seem likely that they could have been 
much good on long trips, because the roughness of Chinese 
roads and the difficulty of producing finely machined gears 
would have introduced errors. Derek de Solla Price, an au¬ 
thority on ancient machinery, calculated that if the wheels 
of the chariot were only one tenth of one per cent different 
from each other in size, the south-pointing figure would be 
pointing north by the time the device had traveled two miles! 
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Since it is doubtful that the south-pointing chariot ever 
worked properly, and so was used only for showing off at 
court, its value as a direction-finder was highly limited. Such 
instruments ceased to be made after Mongol times because 
a much more efficient (though less ingenious) direction¬ 
finder had come into use—the magnetic compass. But the 
south-pointing chariot, in spite of its faults, is important in 
the history of science because it is one of the first examples 
of the self-correcting machine, employing the concept of 
feedback. Such modern devices as missiles, thermostats, guid¬ 
ance systems, and computers employ feedback. As they 
operate, they take note of changing conditions and adjust 
their own performance accordingly. Thus an air conditioner 
has a thermostat which senses when the room being cooled 
is getting too cold; it automatically shuts off the refrigerating 
equipment at that point, and turns it back on when the room 
has grown warmer than desired. The feeding back of informa¬ 
tion into the machine while it operates is what controls and 
guides its operations. 

The south-pointing chariot worked on the same principle. 
Every shift in the chariot’s course sent a feedback signal to 
the gears controlling the south-pointing figure, so that the 
figure turned to retain the same position. It does not matter, 
really, that the chariot worked better in theory than in prac¬ 
tice. The Chinese engineers had hit on the idea of automatic 
control through feedback well over a thousand years before 
it was employed in the Western world, and that is a sufficient 
accomplishment. 
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The ancient mariners moved cautiously over the sea. They 
preferred not to get out of sight of land, so that they always 
would have a coast to guide them. Thus the early mariners 
of the Mediterranean made long voyages, but never far from 
the shore, and about 500 b.c. Phoenician voyagers sailed com¬ 
pletely around Africa in the same fashion. 

Later, some bold captains ventured into the open sea, where 
they had no landmarks to guide them. Merchant vessels 
sailed from Arabia and Persia and the eastern coast of Africa 
to India, a journey that required them to cross the Arabian 
Sea. By T’ang Dynasty times—around a.d. 700—the trade 
routes by sea reached still farther east, from India across the 
Bay of Bengal and the Malay Peninsula to the ports of China. 
By day, a seafaring captain could find his way by following 
the sun; by night he could set his course by the stars. But 
what if clouds came? On a gray day, with no land in sight, all 
directions look the same at sea. 

By the twelfth century a.d., a miraculous new device had 
come into use that told mariners the course to take, even 
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when they could not steer by sun or stars. The oldest known 
European reference to this marvelous instrument was written 
in 1190 by the English scientist Alexander Neckarn, who said: 

“The sailors, moreover, as they sail over the sea, when in 
cloudy weather they can no longer profit by the light of the 
sun, or when the world is wrapped up in the darkness of the 
shades of night, and they are ignorant to what point of the 
compass their ship’s course is directed, they touch the magnet 
with a needle. This then whirls round in a circle until, when 
its motion ceases, its point looks direct to the north.” 

Shortly the magnetic compass was in use by European and 
Arabian seamen everywhere, and it played a mighty part in 
bringing about the great age of discovery that opened in the 
fifteenth century. The secret of the compass was a simple one. 
Our world itself is a giant magnet, exerting its strongest pull 
at the North and South Poles. If a magnetized iron needle is 
allowed to move freely in a circle, cither by floating it in 
water on a raft of cork or by giving it a balanced mounting 
that leaves it free to swing, it will line itself up with one tip 
pointing north and the other south. It will not point to the 
true geographical north and south, however, but will be 
slightly off to one side. This happens because the magnetic 
poles, which attract the needle, are not located exactly at the 
geographical poles; and it is necessary to make a slight cor¬ 
rection for this effect when navigating by compass. 

Magnetism itself has been known for thousands of years, 
both in China and in the West. Greek philosophers were 
aware before 500 b.c. that a certain black stone had the power 
of pulling needles, nails, and other pieces of metal toward 
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itself. This stone is magnetite or lodestone, an ore of iron. 
The Greeks also learned at an early date that if an iron 
needle were rubbed against a chunk of lodestone, the needle 
itself would take on magnetic power and attract other needles. 

The Chinese, too, discovered these special properties of lode- 
stone. There are many references to magnetism in Chinese 
scientific books as early as 300 b.c., and very likely it was 
mentioned in earlier books that no longer exist. One Chinese 
author declares, “If you think that because the lodestone can 
attract iron you can also make it attract pieces of pottery, you 
will find yourself mistaken,” while another notes, “The lode¬ 
stone can attract iron but has no effect on copper.” 

In Europe, magnetism remained no more than an amuse¬ 
ment for centuries. In China, it was put to work in the form 
of the compass. The strange thing is that although the Chi¬ 
nese invented the compass perhaps a thousand years before it 
came into use in the West, they employed it not for naviga¬ 
tion but for magic. 

In 1088 the Sung Dynasty philosopher and scientist Shen 
Kua wrote, “Magicians rub the point of a needle with the 
lodestone; then it is able to point to the south. But it always 
inclines slightly to the east, and does not point directly at 
the south. It may be made to float on the surface of water, 
but it is then rather unsteady. It may be balanced on the 
fingernail, or on the rim of a cup, where it can be made to 
turn more easily, but these supports being hard and smooth, 
it is liable to fall off. It is best to suspend it by a single cocoon 
fiber of new silk attached to the center of the needle by a 
piece of wax the size of a mustard seed—then, hanging in a 
windless place, it will always point to the south.” 

This is a clear description of a magnetic needle compass— 
the oldest one known in any language, and a century earlier 
than the first European mention. It is interesting that Shen 
Kua speaks of the needle as pointing to the south. Almost all 
Chinese references to the compass call it the “south-pointing 
needle,” which reminds us of the south-pointing chariot; yet 
in the West compasses are always said to point to the north. 
Actually, the compass needle points both north and south at 
once. But Europeans, accustomed in the days before com- 
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passes to set their courses by the Pole Star of the north, fell 
into the habit of saying that the compass points north. Al¬ 
though Peking is no farther south than Madrid, the Chinese 
always looked toward the warm, fertile south rather than to 
the bleak, barbarian-infested north, and that determined their 
way of thinking about the compass. 

Shen Kua also clearly describes the compass’s tendency to 
point slightly off the true geographical direction, which shows 
his sharp powers of observation. Most important, though, is 
his statement that the compass was used by magicians, not 
mariners. It reveals the key fact about the Chinese compass: it 
was not a navigational instrument. 

The Chinese were certainly concerned with finding direc¬ 
tions, or they would not have been so eager to invent south¬ 
pointing chariots. It appears that they may have used the 
magnetic compass for finding their way on land at an ex¬ 
tremely early date. A book called the Knei Ku Tzu, which 
may have been written about 300 b.c., says, “When the 
people of Cheng go out to collect jade, they carry a south- 
pointer with them so as not to lose their way.” This is be¬ 
lieved to refer to some sort of south-pointing needle and not 
a south-pointing chariot, which one could not easily “carry.” 
However, nearly all the early references to magnetic needles 
are linked to a school of Chinese magic known as feng-shui, 
the “science of winds and waters.” 

According to this belief, the earth has veins through which 
cleansing winds and waters pass, affecting the course of human 
events for good or ill. Until recent times no large construction 
could be undertaken in China until specialists in feng-shui 
had been called in to determine whether the local spirits of 
winds and waters would be injured. This caused great delays 
in building China’s railroads in the nineteenth century. And 
Meng T’ien, the general who had supervised the building of 
the Great Wall of China, accused himself of having “cut 
through the veins of the earth” during the course of the work, 
a serious crime for which he poisoned himself. 

Feng-shui involved a kind of surveying in which the sites for 
houses, temples, roads, or tombs were chosen with regard to 
the presence or absence of the earth’s veins and spirits. Com- 
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passes were used in mapping a locality to pick the luckiest 
sites. We do not know much about the actual methods used, 
for the Jesuits of the sixteenth and seventeenth centuries, 
rightly regarding such matters as idle superstitions, very 
wrongly persuaded the Chinese to burn most of their books on 
these topics. Matteo Ricci, writing of one convert to Chris¬ 
tianity, said, “He had a rather good library and it took him 
three full days to purge it of books on subjects prohibited by 
the laws of the church, books which were very numerous, es¬ 
pecially on divinatory arts. . . . All of these, amounting to three 
trunks full, were committed to the flames. . . .” 

Those who practiced feng-shui apparently used a south¬ 
pointing instrument made of lodestone in making their magi¬ 
cal charts. It was not at first a needle, though, but a spoon. 
One way the south-pointing spoon was used was in connection 
with a sort of ouija board with dials bearing magic symbols. 
The dials were turned and the spoon was allowed to spin; it 
would always come to rest pointing south, and its position 
relative to the symbols on the dials would guide the magicians 
in making their recommendations. 

By Han Dynasty times—about the time of Christ, perhaps— 
the Chinese had discovered how to transfer the magnetism of 
a lodestone to an iron needle. It was easier to use needles than 
lodestone spoons for purposes of feng-shui. The change was 
gradual, though, and involved such things as the “south-point¬ 
ing fish” and the “south-pointing turtle.” A book written in 
about noo describes these devices: 

“The magicians cut a piece of wood into the shape of a fish, 
as big as one’s thumb, and make a hole in its belly, into which 
they neatly fit a piece of lodestone, filling up the cavity with 
wax. Into this wax a needle bent like a hook is fixed. Then 
when the fish is put in the water it will of its nature point to 
the south, and if it is moved with the finger it will return 
again to its original position. They also cut a piece of wood 
into the shape of a turtle, and arrange it in the same way as 
before, only that the needle is fixed at the tail end. A bamboo 
pin about as thick as the end of a chopstick is set up on a 
small board, and sustains the turtle by the concave under¬ 
surfaces of its body, where there is a small hole. . . .” 
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Still later came a south-pointing fish made entirely of mag¬ 
netized iron and hollowed so that it would float in a bowl of 
water. The obvious next step was a simple needle mounted so 
it could swing freely or placed on some kind of float. The 
puzzle is when the Chinese began applying this instrument of 
magic to maritime use. 

The Chinese had never really been enthusiastic ocean-going 
seamen. They seem not to have built seaworthy ships at all 
before the Han era, and did not engage in much navigation 
until T’ang times, seven centuries later. Even then, most of 
the ships in Chinese ports were foreign ones from Arabia and 
India. Only in the eleventh and twelfth centuries, under the 
Sung and Southern Sung, did China begin to develop into a 
naval power. 

The oldest known reference to the mariner’s compass comes 
from a work written in about 1115 by Chu Yu, a Sung Dynasty 
official. Speaking of Chinese vessels, he said, “The larger ones 
can carry several hundred men, and the smaller ones may have 
more than a hundred men on board. . . . The ship’s pilots find 
the position at night by looking at the stars, in the daytime 
by looking at the sun; in dark weather they look at the south¬ 
pointing needle.” A Chinese book written ten years later gives 
the same information, and one dating from about 1123 says 
that pilots use “the south-pointing floating needle to deter¬ 
mine south and north.” All three of these are earlier than the 
first European references to the mariner’s compass in Alex¬ 
ander Neckam’s book of 1190, but the compass may well have 
been in use in Europe for some time before Neckam wrote 
about it. 

From this evidence we can see that the Chinese finally be¬ 
gan to use their south-pointing needle for navigation some 
time in the eleventh century, and that within another hundred 
years or so it was also being used by European mariners. But 
certainly there was no direct contact by sea between Europe 
and China at that time. Not until the sixteenth century was 
a sea route to China opened. How, then, did the idea of the 
compass reach Europe? 

One possibility is that it was transmitted by the sailors of 
other nations along the route. Arabs, Persians, and Indians 
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visiting Chinese ports could have learned of the compass and 
introduced it to the Near East, where the European warriors 
of the Crusades might have found out about it early in the 
twelfth century. The trouble with this theory is that the Arabs 
did not seem to get the compass themselves until well after it 
had reached Europe; the first Arabic book to mention the 
compass dates from 1232. An Italian traveler who sailed on 
Indian ships in the early fifteenth century was surprised to 
find that no compasses were in use on them. It may very well 
be the case that the mariners of the Near East learned about 
the compass from the Crusaders and not vice versa. 

Some historians now think that the compass may have made 
its way west by land, before it had ever become a navigational 
instrument in China. According to this view, the compass as 
a piece of equipment for astronomers, astrologers, and surveyors 
spread out of China, perhaps in T ang times, but never came 
within reach of the seagoing peoples of India, Persia, and 
Arabia. Rather it took a northerly route, through Mongolia 
into Russia and on to western Europe by the eleventh century. 
In all this time it was used exclusively on land, to give infor¬ 
mation about directions that was needed for lining up sundials 
properly, casting horoscopes, or making maps. After it reached 
Europe a new and obvious use for the magnetic needle was 
seen, and mariner’s compasses were devised there. The same 
idea had belatedly occurred in China, where, as we have seen, 
the compass was used on ships of the Sung Dynasty. 

Tllus the navigational compass may have been invented 
twice—once in Europe, and once a little earlier in China. (The 
Europeans definitely made improvements on the original idea 
in the fourteenth century, adding a card that showed all the 
intermediate directions between north and south. This did not 
find its way back to China until the first European ships ar¬ 
rived there in the sixteenth century, and came into use by the 
Chinese very slowly thereafter.) However, the basic idea of a 
magnetized needle that indicates directions was definitely con¬ 
ceived in China long ago, and only their limited interest in 
seafaring kept the Chinese from turning it into the compass 
centuries before they actually did. 
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As machines go, the wheelbarrow is a humble one indeed. It 
is nothing more than an open container, with handles at one 
end and a wheel at the other, in which burdens can be carried. 
Yet it is not an unimportant device, for it allows one laborer 
to move loads that would otherwise require two men. Even a 
humble machine must be invented somewhere, and it happens 
that the wheelbarrow, like so many other things we take for 
granted, originated in China. 

The wheelbarrow did not appear in Europe until the twelfth 
or thirteenth century. It immediately won great favor as a 
labor-saving device, and was much used by the builders of 
cathedrals and castles. From the beginning, the European 
wheelbarrow had its wheel at its front end, so that the weight 
of the burden was shared equally by the wheel and by the man 
doing the pushing. When Europeans visited China some cen¬ 
turies later, they were surprised to find a strikingly different 
type of wheelbarrow in use, with a very large wheel placed in 
the center, instead of far forward, so that it, and not the 
pusher, would bear most of the load. The Chinese used many 
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other wheelbarrow designs, including one not too different 
from the front-wheel European type, but the central-wheel 
sort was the most popular. This is how an eighteenth-century 
Dutch traveler described it: 
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“Among the carriages employed in this country is a wheel¬ 
barrow, singularly constructed, and employed alike for the 
conveyance of persons and goods. According as it is more or 
less heavily loaded, it is directed by one or two persons, the 
one dragging it after him, while the other pushes it forward 
by the shafts. 'Flic wheel, which is very large in proportion to 
the barrow, is placed in the center of the part on which the 
load is laid, so that the whole weight bears upon the axle, and 
the barrow men support no part of it, but serve merely to 
move it forward, and to keep it in equilibrium. . . . On each 
side of the barrow is a projection, on which the goods are put, 
or which serves as a seat for the passengers. A Chinese traveler 
sits on one side, and thus serves to counterbalance his bag¬ 
gage, which is placed on the other. . . . 

“The sight of this wheelbarrow thus loaded was entirely 
new to me. I could not help remarking its singularity, at the 
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same time that I admired the simplicity of the invention. I 
even think, that in many cases such a barrow would be found 
much superior to ours.” 

In Chinese tradition the wheelbarrow is considered to have 
been the work of a general named Chuko Liang, who lived in 
the third century a.d. at the time when China was divided 
into three kingdoms. The San Kuo Chili (“History of the 
Three Kingdoms”), written about a hundred years later, tells 
how in the year 231 Chuko Liang’s army transported its sup¬ 
plies on “wooden oxen,” and in 234 on “gliding horses.” The 
wooden ox and the gliding horse both were said to be his in¬ 
ventions. A description of the wooden ox written in 430 says 
that it had “a square belly and a curved head, one foot and 
four legs.... It could carry many things, and made thereby the 
fewer journeys, so it was of the greatest use. ... In a time 
taken by a man with a similar burden to go six feet, the 
wooden ox would go twenty feet.” The “foot” of the ox was 
apparently its wheel, and the “four legs” were side supports to 
keep it from toppling over; otherwise the description becomes 
complicated and hard to follow, but it seems clearly to refer to 
some type of wheelbarrow. 

Kao Ch’eng, who wrote in the eleventh century, declared 
that Chuko Liang’s wooden ox was a small wheelbarrow with 
shafts in front and in back, needing two men, one pushing and 
one pulling; the gliding horse, he said, was a one-man wheel¬ 
barrow pushed from the rear. Both of these types had long 
been in use by Kao Ch’eng’s time. (In China, where there has 
never been a shortage of labor, two-man wheelbarrows were 
not thought inefficient. What mattered was the way a well- 
balanced wheelbarrow took the strain out of hauling loads.) 

Archaeologists now know that the Chinese were using 
wheelbarrows more than a hundred years before Chuko Liang’s 
day, so that he was at best the improver of an existing device. 
Carvings on a late Ilan Dynasty tomb of about a.d. 147 clearly 
show a young man pushing an older one about on a small one- 
wheeled vehicle. Another unmistakable wheelbarrow is sculp¬ 
tured on a tomb in the province of Szechuan, dating from the 
year a.d. 150. Recently a decorated brick from a Han tomb of 
a.d. 118 was excavated, showing a man pushing a loaded 
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wheelbarrow. Various books written in the early Han period 
speak of single-wheeled carts as well. It seems probable that 
the wheelbarrow came into use in China about the time of 
Christ, possibly even earlier. Wheelbarrows of the types carved 
on these ancient tombs are still used in China today. 

Of all the Chinese variations on the basic wheelbarrow idea. 



the most startling to us is the sail-driven wheelbarrow which 
makes use of the force of the wind to help the burden along. 
When European travelers began reporting such wonders in 
the sixteenth century, they were met at first with disbelief. The 
Dutch explorer Jan van Linschoten, in a book published in 
1596, declared, “The men of China are great and cunning 
workmen, as may well be seen by the workmanship that comes 
from thence. They make and use wagons or carts with sails 
like boats, and with wheels so subtly made, that being in the 
field they go and are driven forwards by the wind as if they 
were in the water.” Two hundred years later a Dutch ambas¬ 
sador to China, van Braam Houckgeest, wrote, “Near the 















southern border of Shantung one finds a kind of wheelbarrow 
. . . drawn by a horse or a mule. But judge of my surprise when 
today I saw a whole fleet of wheelbarrows of the same size. I 
say a fleet, for each of them had a sail, mounted on a small 
mast exactly fixed in a socket arranged at the forward end of 
the barrow. The sail, made of matting, or more often of cloth, 
is five or six feet high, and three or four feet broad, with stays, 
sheets, and halyards, just as on a Chinese ship. The sheets join 
the shafts of the wheelbarrow and can thus be manipulated by 
the men in charge. ... I could not help admiring the combina¬ 
tion, and was filled with sincere pleasure in seeing twenty or 
so of these sailing wheelbarrows setting their course one be¬ 
hind the other.” 

These sailing wheelbarrows, which seemed at first so in¬ 
credible and then so delightful to Europeans, had been in use 
in China for perhaps a thousand years. A sixth-century writer 
told of a “wind-driven carriage which could carry thirty men,” 
able to travel a hundred miles in a single day. Later these un¬ 
usual vehicles came into wide favor among the Chinese. Sev¬ 
eral experimental models were constructed in Europe in the 
seventeenth and eighteenth centuries, and they worked quite 
well, increasing Europe’s respect for Chinese cleverness. The 
sailing wheelbarrows moved with what were then the amazing 
speeds of thirty to forty miles an hour, much faster than any 
vehicle then known in Europe. Those who tried the experi¬ 
mental models told in awe of how they flashed from place to 
place “almost in a moment,” and how men running alongside 
the wheelbarrows seemed to run backwards. Perhaps the ex¬ 
citement created in Europe by traveling at such speeds had 
something to do with bringing about the development of the 
railroad in the nineteenth century. 

Except in China, where it is still in use, the sailing wheel¬ 
barrow survives today only as the toy of sportsmen—the “land 
yacht” used for racing along beaches and on ice. But the com¬ 
mon wheelbarrow is still very much with us, and it is one of 
the minor mysteries of technology how it reached the West 
from China seven or eight hundred years ago. Little is known 
about the use of wheelbarrows by any people between China 
and Europe at that time; and the wheelbarrow that did come 
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into use in the West was not the most common Chinese type, 
which never was adopted in the West at all. What happened, 
possibly, is that descriptions of the wheelbarrow—rather than 
wheelbarrows themselves—were brought westward by travelers 
who had been to China. By the time the stories reached Eu¬ 
rope, at third or fourth hand, the description perhaps boiled 
down to “a container with a wheel at one end and handles at 
the other,” and westerners began to build them. They had 
never seen an actual Chinese wheelbarrow, but simply were 
trying to devise something that looked and worked as they 
imagined the Chinese one did. We see the result every day. 
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A Chinese scientific book of the seventeenth century begins its 
section on paper by asking, “What is the carrier by which 
knowledge of Nature’s wonders and the mysteries of the uni¬ 
verse is transferred from ancients to moderns, and from 
Chinese to foreigners, so that those born in later times can 
learn it at a glance? If all communication between ruler and 
subject, teacher and pupil, were by word of mouth, could 
much be achieved? Yet with the use of a slip of paper or a 
slim volume of writing, teaching can be accomplished and 
orders carried out, as easily as the breeze blowing or ice melt¬ 
ing in the sun. It is indeed fortunate that in this world exists 
Old Sir Paper, from which both the sages and the ignorant 
have benefited.” 

In truth it is not paper but the art of writing itself that has 
made possible the recording and transmission of knowledge. 
And writing is no invention of the Chinese. Thousands of 
years before Shang soothsayers were scratching their first 
words on polished bones, Egyptian and Sumerian scribes were 
already plying their trade. 





But in Sumer they wrote on blocks of soft clay, making 
marks with the tip of a wedge-shaped stylus and then baking 
the clay into the form of a hard brick for the sake of perma¬ 
nence. A Sumerian document thus was written for the ages— 
we have thousands of them, some as much as sixty centuries 
old—but they were hardly convenient to carry about for casual 
reading. A book no longer than the one you are now reading 
might require a dozen or more large slabs, each covered on 
both sides with tiny, eye-straining characters. An ordinary let¬ 
ter, a laundry list, a land deed, a bill of sale, all had to be 
bulky and hard to handle. 

The Egyptians used a different writing material—sheets 
made from the stems of a swamp plant, the papyrus reed. 
(Our word “paper” is derived from papyrus.) This plant grows 
abundantly along the Nile, and once was common in other 
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parts of the Near East. The “bulrushes” in which the infant 
Moses was set adrift were papyrus reeds. 

At least five thousand years ago the Egyptians began to cut 
the stems of these reeds into long flat strips, which they laid 
side by side on a board, covering them with a crosswise layer 
of shorter strips. These two layers formed a sheet, which was 
soaked in the water of the Nile, hammered until the strips 
were glued together by their own juices, and dried in the sun. 
The sheets then were joined to one another with paste to form 
rolls six to twelve inches wide and many feet long. On these 
the Egyptians wrote their beautiful hieroglyphics. 

Papyrus is a sturdy and durable material, which has shown 
itself able to last for thousands of years. Hie Egyptians made 
great use of it for all kinds of texts—religious and govern¬ 
mental documents, stories, bills, medical and scientific works, 
and so on. 

Some of Egypt’s neighbors in the Near East and the Medi¬ 
terranean world were learning how to write at this time. They 
did not use hieroglyphics, but invented systems of their own, 
such as the alphabetic writing of the Phoenicians. This system 
used one character to stand for each basic sound and was much 
simpler than the Egyptian writing, since it employed only 
about two dozen letters, while Egyptian hieroglyphics used 
hundreds. (Phoenician writing was so much more efficient 
than anything else ever invented that we use a much modified 
version of it ourselves.) At first, these neighbors of the Egyp¬ 
tians wrote on clay, in imitation of the Sumerians, or inscribed 
their writing on wood or stone. Then they began to use the 
hides of animals; but gradually they saw the advantages of 
papyrus, and the Egyptians did a good business in selling pre¬ 
pared rolls to adjoining countries. The Greeks and Romans 
depended almost entirely on papyrus for their writing material. 

Meanwhile the Chinese, having little or no contact with 
the centers of civilization in the Near East, had developed a 
writing system of their own. Perhaps it was inspired by the 
Egyptians, since it was also a method of using pictures to con¬ 
vey words, but it was not at all similar in appearance to hiero¬ 
glyphics or any other kind of writing. As we have seen, the 
earliest known specimens of Chinese writing are inscribed on 
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Shang Dynasty 'oracle bones of about 1500 b.c., which are 
fifteen hundred to two thousand years younger than the oldest 
examples of Sumerian and Egyptian writing so far discovered. 

The Chinese did not have the papyrus reed, nor any way of 
purchasing ready-made papyrus rolls from Egypt. Instead they 
wrote on pieces of bamboo, and, later, when they had learned 
how to make silk, on strips of that fabric. But silk was always 
expensive, and bamboo was heavy and bulky. The First Em¬ 
peror, Ch’in Shih Huang Ti, boasted that he dealt with 120 
pounds of official documents every day of his reign; but those 
documents were written on bamboo slats. 

A traditional Chinese story declares that a Han Dynasty 
court official named Ts’ai Lun was the inventor of paper. He 
mashed rags, tree bark, old fishing nets, rope, and other things 
into a fine pulp, using a mortar and pestle, and spread it out 
on a frame to dry. The result, when pressed flat, was an excel¬ 
lent writing material less costly than silk and more convenient 
to handle than bamboo. In a.d. 105 Ts’ai Lun reported on his 
invention to Emperor Ho Ti, who gave him great praise. 
Thereafter the Chinese revered Ts’ai Lun for having devised 
so useful and important a substance. 

Actually, as is the case with many of these old tales, Ts’ai 
Lun’s fame seems undeserved. The invention of paper in 
China was probably the work of many men over a period of 
several centuries, and Ts’ai Lun’s contribution may merely 
have been to improve and simplify a process that others had 
created. 

There are hints in Chinese records that paper of some sort 
was in use about 100 b.c.— long before Ts’ai Lun was born. 
The oldest paper discovered by archaeologists was found in 
1942 in western China. Though it bore no date, it was lying 
near pieces of wood with inscriptions dating to a.d. 98. Wood 
and paper seem to have been used interchangeably as writing 
materials by the Chinese at least as late as the fourth century 
a.d. After that, wood went out of use and paper was tri¬ 
umphant. 

Chinese papermakers used several raw materials. Some of 
the finest papers, thick and smooth, were made entirely from 
fine bamboo fibers beaten into a pulp and carefully spread on 
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screens to dry into sheets. Other papers were made from the 
bark of the mulberry tree or the hibiscus bush; some were 
made from mixtures of bark, bamboo, and rice stalks. Pow¬ 
dered flower petals were added to the mash to produce an 
unusually attractive kind of paper. Extremely elaborate meth¬ 
ods were working out for boiling and mashing the pulp and for 
placing it on screens, and the results were elegant and lux¬ 
urious. 

For centuries the Chinese alone enjoyed the secret of paper¬ 
making. It was a material ideally suited for their kind of writ¬ 
ing, which is done in bold, flowing characters with a soft 
brush. (General Meng T’ien, the architect of the Great Wall, 
is also supposed to have invented the writing brush. A Chinese 
proverb declares, T’ien pi Lun chili, “Meng T’ien invented the 
writing brush and Ts’ai Lun invented paper.” But this seems 
only to be a legend.) The Chinese kept their paper to them¬ 
selves. The rest of the world still had to make do with papyrus. 

Papyrus, for all its durability, had certain serious drawbacks. 
It was expensive, since it was manufactured only in countries 
where the papyrus reed would grow, and the reed grew in few 
places outside of Egypt. The Egyptians, controlling the supply 
of raw materials and also knowing the art of making fine 
papyrus scrolls, had a monopoly on the indispensable writing 
material for thousands of years, and, naturally, charged as 
much as they could get. In time the Romans began to grow 
the reed in several parts of Italy, and evidently made some 
papyrus of their own, but they still depended almost entirely 
on Egypt for their supply. A year of drought in Egypt could 
kill so many reeds that stocks of papyrus were cut sharply; 
such shortages were common things, and when they occurred, 
the Egyptians retained most of the current output of scrolls 
for their own use, leaving other countries with none. Also, 
since the making of papyrus was a slow and complicated busi¬ 
ness, supplies were never abundant even in good years. 

As the demand for writing materials grew outside Egypt, 
attempts were made to find a substitute for papyrus. About 
175 b.c. the use of animal skins was revived, after having been 
abandoned in most places for a thousand years or more. The 
Phoenicians, the Hebrews, the Persians, and the early Greeks 


75 


had all used hides to write on in the days before Egyptian 
papyrus was available to them. Hides were not a very satisfac¬ 
tory material, being thick and coarse and clumsy, and capable 
of being used only on one side. According to a story told by 
the Roman historian Pliny, King Eumenes II of Pergamum in 
Asia Minor, who ruled from 197 to 158 b.c., wished to enlarge 
the royal library. He sent an order to Egypt for blank papyrus 
scrolls; but the Egyptians, fearing that Eumenes’ library might 
grow to excel their own great library at Alexandria, refused to 
sell him any. Eumenes then ordered his scribes to write on 
animal skins. They developed a new way of preparing hides 
to make them thinner and more suitable for writing. The 
Romans called this material cliarta pergamena, “paper of 
Pergamum,’’ and under that name it was widely used in Eu¬ 
rope. The medieval French turned pergamena into parchemin, 
which became our English word, “parchment.” 

Sheep, goats, and calves were found to have skins best suited 
for making parchment. The finest grade of parchment, which 
came from lambs or newborn calves, was known as vellum; it 
was extremely smooth and glossy. While the Near East con¬ 
tinued generally to use papyrus, Europe preferred parchment 
and vellum for manuscripts well into the early Middle Ages. 

Parchment, though it is handsome and strong, lacks one 
important quality of paper: it cannot be made cheaply and 
rapidly. The supply of trees to be made into wood pulp is 
always likely to be greater than the supply of goats and sheep 
and calves to be skinned. The Chinese had hit upon some¬ 
thing very desirable indeed, and perhaps much of China’s 
outstanding scientific prowess was the result of having such a 
plentiful supply of writing material at hand. In China, every 
important scholar and official had his own library; in the 
Western world, parchment scrolls were so costly that only 
kings could afford to own books. And so ideas spread much 
more swiftly among the Chinese than in Europe, and valuable 
concepts, once set down on paper, were not as easily forgotten 
or lost to view. 

The Chinese yielded their monopoly of paper in the year 
751, when an Arab army invaded Turkestan, a region west of 
China which had been under T’ang Dynasty rule. At the 
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bloody battle of the Talas River, where fifty thousand Chinese 
soldiers were slain, the Arabs captured some Chinese who were 
skilled in making paper. These men were forced to disclose 
their secrets to their captors, who set up a paper factory at the 
city of Samarkand. Slowly the mystery of paper-making was 
imparted to others within the growing Arab empire. By 793 
paper was being manufactured at Baghdad, by 900 at Cairo. 
The Arabs had neither the bamboo nor the mulberry trees 
the Chinese used, but they were able to make an extremely 
satisfactory paper out of linen rags. 

The Arabs had also conquered Egypt and had taken over 
the production of papyrus. But this ancient material no longer 
was needed, and by the tenth century the Arabs had given it 
up entirely. Though a warlike people, they also placed great 
value on scholarship, and the new material allowed them to 
expand their libraries enormously. Between the eighth and 
thirteenth centuries the Arabs, who occupied the territory be¬ 
tween Europe and Asia and drew on the knowledge of both, 
were probably equal in scientific knowledge to the Chinese 
themselves, and their possession of the paper-making art must 
have had something to do with this. 

Paper first entered Europe through Greece. The Greeks, 
who bordered on the Arab lands, imported paper from them 
and sold it in Europe, where it became known as “Greek 
parchment.” The first European paper factories were set up in 
about ri50 in Spain by the Arabs, who had conquered Spain 
about four hundred years earlier. The Arabs also ruled Sicily 
and made paper there. When Arab power was broken in those 
places, the paper factories passed into the hands of Christians. 

By the thirteenth century, paper was coming into general 
use in Europe, though parchment and vellum still were widely 
used; a century later paper was employed for everything except 
official documents, and by the fifteenth century paper had 
replaced parchment and vellum in nearly all usage. 

It is hard for us to think of paper as an exotic oriental 
novelty, known only by hearsay and rumor in the West. But 
it is somewhat humbling to consider that Ts’ai Lun had been 
in his grave for more than a thousand years before the first 
sheet of paper was manufactured in our ancestors’ land. 
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The invention of paper was the necessary first stage in the 
revolution that made information easily available to all who 
cared to have it. But it took the invention of printing to bring 
that revolution about, and here, once more, the Chinese were 
pioneers. 

The idea of transferring impressions from one medium to 
another is extremely ancient. One of its first practical applica¬ 
tions came in the form of the seal, by which “signatures” 
could be applied to letters and documents. In early Mesopo¬ 
tamia, every important person had his own seal, a cylinder of 
stone on which a distinctive design had been carved. To sign 
a document he pressed his cylinder seal into the soft clay and 
rolled it back and forth until it had imprinted the design that 
identified him. The Indus Valley people used similar seals, as 
did the Egyptians and many others, including, a thousand or 
more years later, the Chinese. 

The first Chinese seals were made from metal, jade, or ivory. 
They were inked and pressed down on the document to be 
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signed, much as a rubber stamp is today. Later—about the fifth 
century a.d.— seals made of wood came into use in China. 
Wood was much less costly than the other materials, and 
easier to carve. These wooden seals grew extremely large and 
elaborate, with lengthy inscriptions and intricate pictures; it 
was a mark of a man’s status to have a particularly attractive 
seal. 

It did not take much ingenuity to see wider uses for such 
seals. A great many impressions could be made by a single 
seal—and so the seals were actually the first printing plates. 
There was no reason why wooden plates could not be used to 
reproduce things other than private seals. In particular, they 
could be used to turn out great quantities of religious charms. 
The Chinese have always placed a good deal of faith in the 
power of such charms—scraps of paper on which a prayer or a 
magical spell has been written. In Buddhist monasteries the 
monks toiled laboriously to write out such charms by hand, 
to be sold to the people. But what if the text of a charm were 
carved onto a block of wood? One man could stamp the 
charms out by the thousands! 

Block printing first came into use in China in the seventh 


























century a.d. The printed charms were considered just as 
powerful as the hand-written kind, and they were produced 
in vast quantities. The idea spread to surrounding countries 
that were under Chinese influence. We know that Empress 
Shiyau-toku of Japan, who ruled from 764 to 770, had a mil¬ 
lion charms printed this way in fulfillment of a vow. The 
empress caused many small wooden pagodas to be distributed 
to the Buddhist temples and monasteries of her country; in 
each pagoda was a rolled-up slip of paper two inches wide and 
eighteen inches long, on which a prayer had been printed. 

The next step was to use block printing for more compli¬ 
cated purposes, such as producing texts longer than one-page 
prayers. China’s rich heritage of literature and philosophy had 
always been in danger of destruction, so long as all books had 
to be copied by hand; generally only a few copies of each 
existed, and in the turmoil that so regularly came at the down¬ 
fall of every dynasty some of the classics were inevitably lost 
forever. If the great literary works were printed in quantity, 
their chances of surviving periods of chaos would be much 
greater. 

An attempt at “printing” the classics had been tried as 
early as Han times. About the year 175 the government or¬ 
dered the texts of some of the most important works carved 
on tablets of stone. Copies of these then were made by taking 
rubbings—that is, by pressing sheets of thin moist paper to the 
stone and brushing ink or soot against them in such a way 
that the paper would be blackened everywhere except where it 
came in contact with the carving. This primitive form of 
block printing, of course, was not very efficient. 

Supposedly the first true block printing of Chinese books 
was done at the command of the short-lived Sui Dynasty of 
the early seventh century. However, no examples of this work 
have survived. In the time of the next dynasty, the T’ang, 
block printing on a large scale began, and we can certainly date 
the first real publishing efforts to this era. 

The oldest known printed book in the world comes from 
the T’ang period. It was found in 1907 by a Hungarian-born 
archaeologist, Mark Aurel Stein. Educated in England, Stein 
had gone to India as a government official, and became inter- 
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estcd in the ruined cities along the old silk road in western 
China. He made several expeditions to the dreary desert 
country beyond the western end of the Great Wall, discover¬ 
ing sand-buried houses that contained important relics of the 
Han Dynasty era. Then he visited the town of Tun-huang, 
which had been founded in Han times as an outpost for 
travelers leaving China. Stein had heard rumors of a huge 
cache of old manuscripts hidden away in a cave near Tun- 
huang, and with the skill of a detective he started to search. 

In the fifth century, workmen had begun to hollow out 
grottoes in a formation of soft rock and clay near Tun-huang. 
Artists had filled these grottoes with statues of Buddha as high 
as ninety feet. In a cliff face a mile and a quarter long were 
480 caves, known as “The Caves of the Thousand Buddhas,” 
which became holy shrines during T’ang times. About the 
year 1000, during one of China’s periods of political chaos, the 
monks of Tun-huang attempted to preserve their libraries of 
religious books by hiding them in some of these caves and 
sealing them, so they would be safe from destructive ma¬ 
rauders. 

Stein learned the location of some of these chambers, which 
had not been touched for hundreds of years, and arranged to 
purchase the manuscripts they contained. He brought away 
thousands of works, and among them was a scroll of seven 
large sheets pasted together, on which a Buddhist religious 
text had been printed. The last lines of the scroll declared, 
“Printed on May 11, 868, by Wang Chieh, for free general 
distribution, in order in deep reverence to perpetuate the 
memory of his parents.” Though fifteen thousand manuscripts 
and printed books eventually came from the treasure trove at 
Tun-huang, none was older than Wang Chieh’s book, nor 
has any older printed volume ever been discovered. 

The book of 868 was similar in form to an Egyptian papyrus. 
That is, it was a scroll made up of sheets glued end to end and 
rolled up. This is not the most convenient way to arrange a 
book, particularly a lengthy one, for the reader of a scroll must 
constantly roll up one end while he unrolls the other, and if 
he drops a scroll it will unwind and possibly be damaged. 
Though the Egyptians, Greeks, and Romans customarily pro- 
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duced most of their books in the scroll form, a new and more 
efficient design had come into use among them in the first 
century a.d. This was the codex, made up of separate sheets 
of papyrus or parchment that had been glued or sewn together 
at one side—an arrangement much like that in the modern 
book. The codex gradually replaced the scroll altogether in 
Europe, especially after parchment came to take the place of 
papyrus. 

The Chinese, as we have seen, clung to the scroll in their 
earliest printed books. But another book from Tun-huang, 
printed in 949, shows a change in format to something resem- 
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bling the western codex. The block prints had been spaced 
along one side of a long sheet of paper. Then the sheet had 
been folded again and again, accordion-fashion, and the folds 
at one side were pasted together. This produced a book made 
up of double sheets; the inner side of each sheet bears no 
printing, but this is not visible because of the binding at one 
side and the closed fold at the other. Much the same effect 
was later achieved by carving two pages of a text on a single 
block of wood. A sheet of paper then was pressed down on 
this block to register the impression. When it was dry it was 
folded down the middle; such folded sheets were gathered into 
books and bound by sewing them at their open ends. Chinese 
books today still generally follow this layout. 

Block printing permitted the mass production of Chinese 
books in the tenth and eleventh centuries, so that what had 
been rarities before now became common possessions. At this 
time in the West, printing remained unknown, and every 
book had to be copied by hand to be “published.” Naturally, 
few Europeans ever owned as much as a single book. 

In the eleventh century, a certain Pi Sheng invented what 
he thought was an improvement on block printing. As he saw 
it, the trouble with the existing method of printing was that 
every block was a permanent unit. It had to be can ed, slowly 
and carefully, by a specially trained craftsman; and once it was 
carved, it could be used only to print the particular page it 
bore. Also, if the craftsman made a mistake in carving, there 
was no easy way to correct it. 

Pi Sheng’s invention was movable type. He had each char¬ 
acter used in Chinese writing carved on a separate little piece 
of clay. To make up a page, the printer would select the pieces 
of type he needed, arrange them in rows, and lock them into 
a frame. When the typeset page was no longer needed at the 
end of the printing job, the individual pieces of type could be 
taken from the frame, put aside, and used again on some other 
job. 

There was only one difficulty with Pi Sheng’s invention, so 
far as China was concerned. Western languages are written 
alphabetically; we can represent all the words we know with 
just twenty-six characters. Even allowing for capital and lower 
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case letters, punctuation marks, numbers, and other symbols, 
less than one hundred different pieces of type can give the 
complete range of characters that a Western printer is likely 
to need. But the Chinese system, using a different sign to 
represent each word, has thousands of characters. When you 
consider that the same word may recur dozens of times on the 
same page, you will see that a Chinese printer would require 
a very large room indeed simply to store the type necessary 
for setting a single page! 

Though Pi Sheng had invented something clever, it proved 
not to be practical—for China. Most Chinese printing con¬ 
tinued to be done from blocks for hundreds of years. A few 
improvements were made in the system using movable type- 
wooden type replaced the clay pieces in the thirteenth century, 
and type made of tin was developed shortly afterward. In 
about 1400, Korea, a country under Chinese influence, pro¬ 
duced books that had been printed from movable type of cast 
bronze. Nevertheless, few Chinese printers showed any inter¬ 
est in adopting movable type. They still used the old way in 
the late sixteenth century, as this passage from the diary of 
Father Matteo Ricci shows: 

“Their method of making printed books is quite ingenious. 
The text is written in ink, with a brush made of very fine hair, 
on a sheet of paper which is inverted and pasted on a wooden 
tablet. When the paper has become thoroughly dry, its surface 
is scraped off quickly and with great skill, until nothing but a 
fine tissue bearing the characters remains on the wooden 
tablet. Then, with a steel graver, the workman cuts away the 
surface following the outline of the characters until these 
alone stand out in low relief. From such a block a skilled 
printer can make copies with incredible speed, turning out as 
many as fifteen hundred copies in a single day. . . . This 
scheme of engraving wooden blocks is well adapted for the 
large and complex nature of the Chinese characters, but I do 
not think it would lend itself very aptly to our European type 
which could hardly be engraved upon wood because of its 
small dimensions.” 

Meanwhile the idea of printing was spreading to Europe, 
hundreds of years after it had originated in China. The new 
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trade routes that opened up after the Mongol conquest of 
Asia in the thirteenth century may have encouraged this de¬ 
velopment; the Mongols controlled everything from Russia to 
the Pacific, and caravans could move safely through the whole 
length of that vast empire. Many new ideas spilled out of 
China at that time, and printing was evidently one of them. 
By Marco Polo’s time—the second half of the thirteenth cen¬ 
tury—a fair amount of block printing was being done in 
Europe, especially in Germany. 

The first European block prints were pictures, usually of a 
religious nature, accompanied by a few lines of text. As in 
China, the material to be printed was carved in reverse on a 
wooden block, which was inked; then a damp sheet of paper 
was laid on top and pressed down until it had picked up the 
image. Frequently sets of sheets were bound together to form 
blocks. 

Printing in Europe had lagged behind China for many 
reasons, but one of the most important was the absence of 
paper. Parchment and papyrus were not ideally suited for 
anything but hand lettering. Some block printing was done in 
the thirteenth century on silk and other kinds of cloth, or 
vellum, but not until paper was being widely manufactured in 
Europe a hundred years later did printing become widespread. 
In the middle of the fifteenth century came an important new 
step, which helped more than anything else to speed the 
growth of learning in the Western world: the use of movable 
type. 

The name Johann Gutenberg of the German city of Mainz 
is usually associated with the birth of printing in Europe. His 
magnificent edition of the Bible, printed between 1453 and 
1456, is regarded as the oldest book printed from movable 
type. Of course, we know that the Chinese and the Koreans 
were using movable type long before Gutenberg; and whether 
Gutenberg was even the first European to print that way is in 
doubt. Some historians of printing believe that the credit 
should go to the Dutch printer Lourens Janszoon Coster, of 
Haarlem, who is said to have used movable type as early as 
1420. Gutenberg’s earliest experiments with movable type may 
not have been made until twenty years later. However, there 
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is no doubt that Gutenberg’s Bible is one of the first books to 
have been printed from movable type in Europe, and one of 
the most beautiful books ever to have been printed anywhere. 

How did the idea of using movable type reach Europe? Did 
Gutenberg or Coster have any idea of what advances in the 
art of printing had been made in the Orient? This, too, is in 
doubt. Certainly there was very little contact between China 
and the West after 1371, when the foreigner-hating Ming 
Dynasty replaced the Mongols. Although movable type had 
been used in China to some extent since about 1050, no word 
of it seems to have reached the West during the Mongol 
times, and it appears odd that only after the Ming had taken 
over did any Europeans attempt its use. Perhaps Gutenberg 
(or Coster) invented movable type independently, knowing 
nothing of Pi Sheng or his oriental successors and seeing it as 
a logical step forward from block-printing. 

But there was just enough contact between East and West 
in the time of Gutenberg and Coster for news of the metal 
type of Korea to have made its way to Europe. Korea was a 
prosperous country visited by many merchants; Mongol cara¬ 
van routes continued to run from Korea as far west as Samar¬ 
kand even in Ming times. German and Russian tradesmen 
ventured eastward into Asia to purchase furs from Siberia and 
silks from China. Somewhere along the chain of middlemen, 
someone may have told the tale of the marvelous books being 
printed in Korea from metal type; and the story may have 
drifted back, in one version or another, until it reached west¬ 
ern Europe and inspired certain block-printers to try to cut 
type of their own. 

However it happened, movable type came into use in Eu¬ 
rope and transformed society. Though it did not serve the 
needs of Chinese printers well, it allowed any skilled European 
craftsman to open a printshop and go into the manufacture of 
books. Suddenly Europe was flooded with printed matter—a 
torrent of ideas and facts that broke down established beliefs, 
inspired thinkers everywhere, and brought about revolutionary 
developments in science and philosophy. For this we are in 
debt to the Chinese—even if they preferred block printing 
themselves. 
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A simple device, indeed! It remains slim and inconspicuous 
when the sun is shining, but when rain begins to fall, it un¬ 
folds to keep us dry. Its name comes from the Italian word 
ombrella, “little shadow’’—but the idea itself was Chinese. 

In the Orient from early times the umbrella was a symbol 
of power and high rank. Certain princes of India had among 
thdir titles, “Lord of the Umbrella,” and a nineteenth-century 
Burmese king spoke of himself as “the monarch who reigns 
over the great umbrella-wearing chiefs of the eastern coun¬ 
tries.” 

Egyptian and Assyrian sculptures more than three thousand 
years old show slaves holding umbrellas over the heads of kings 
to shield them from the sun. The umbrellas of Egypt and 
Assyria, though, were not the handy folding kind. They were 
canopies with handles, and they could not be collapsed. A 
collapsible umbrella is not really such a simple device at all, 
for it requires a fairly complicated set of sliding levers and 
sockets and hinges. 

The usurper Wang Mang, who overthrew the Han Dynasty 


































about the time of Christ, ordered a huge folding parasol made 
to cover the ceremonial carriage in which he rode about. The 
mechanism was kept secret, and many people thought that the 
big sunshade opened and closed by magic. Wang Mang’s um¬ 
brella, completed in a.d. 21, is the oldest of its kind on record. 
Archaeologists have found the joints of collapsible umbrellas 
in tombs dating from the time of Wang Mang. 

But the idea was much older than that. Excavations in 
Chou Dynasty tombs of the sixth century b.c. have uncovered 
bronze sockets and hinges that seem to have been used in set¬ 
ting up folding tents or booths. The Chinese called such 
hinges ch’u hsi, “knee-benders.” The same sort of hinge on a 
smaller scale could have been used for working a sliding sun¬ 
shade. 

The Chinese umbrella quickly assumed the form it still has. 
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Block prints in a book published about 1270 show dainty para¬ 
sols of a kind identical to those carried by fashionable young 
ladies of the Orient today. The collapsible umbrella did not 
get to Europe until the seventeenth century, and at first it 
was anything but dainty there. The earliest European imita¬ 
tions of this Chinese invention were clumsy and unreliable, 
with ribs of whalebone or cane crudely jointed to the stick, 
and a heavy covering of oiled silk or cotton that rarely un¬ 
folded without a struggle. As late as 1752 the umbrella was 
still a novelty in England, for in that year Colonel James 
Wolfe—later the victor of the battle of the Plains of Abraham 
—visited Paris, saw umbrellas in use for protection against 
both rain and sun, and expressed his surprise that such help¬ 
ful items were not introduced into his own rainy homeland 
across the English Channel. 
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“Angling may be said to be so like the mathematics that it can 
never be fully learnt,” wrote England’s great philosopher of 
fishing, Izaak Walton, in 1653. 

Surely it is true that there is more to fishing than dangling 
a hook in the water and waiting for a nibble on the bait. It 
takes skill to play a big fish properly—to give him plenty of 
line and then to reel him in. But how difficult that art would 
be if the Chinese had never invented the reel! 

Fishing is one of man’s oldest pastimes. In the beginning it 
was a matter of survival, as primitive man preyed with bare 
hands or crude spears on fish for food. Gradually the idea of 
using a baited hook developed, and then of attaching the 
hook to a vine and letting the vine dangle into a stream from 
a branch of a tree. Next came the fishing rod. Paintings and 
carvings from ancient Egypt show fishermen using rod and 
line. Since some of these fishermen are depicted in the cos¬ 
tume of aristocrats, it seems clear that fishing had already be¬ 
come a sport as well as a means of getting food. 
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Homer’s Odyssey speaks of the monster Scylla seizing men 
from a ship like “some fisherman with a long rod.” Various 
Roman books discuss tactics to use in fishing, and a Greek 
book of a.d. 300 is the first to describe fly-fishing, the use of a 
lure made of feathers and colored wool to attract the attention 
of the victim. But nowhere is that complicated bit of ma¬ 
chinery, the reel, mentioned. 

A Chinese book written about sixteen hundred years ago 
tells the story of Lingyang Tzu-Ming, a holy man who caught 
a white dragon with his fishing rod and was carried off by it 
to a sacred mountain, where he became an immortal. Years 
later, the tale goes, one of the holy man’s disciples came to 
that part of the country and asked the villagers thereabouts if 
anyone knew where the “fishing-rod wheel” of Lingyang Tzu- 
Ming was, for he wished to try his luck with it. The phrase 
seems almost certainly to mean a reel. v » ; 
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A reel would not have been beyond Chinese technical abili¬ 
ties, even then. It could have developed out of the pulley, 
which the Chinese had used as early as 700 b.c. A book written 
in 320 b.c., in telling of methods of warfare, describes a ma¬ 
chine that hurled javelins which were attached to a cord and 
drawn back by a reel or windlass. The silk industry in China 
made use of reels and bobbins in winding and weaving. 
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Beyond any doubt the Chinese were using reels by the end 
of the twelfth century, for about 1195 the great painter 
Ma Yuan did his “Angler on a Wintry Lake,’’ a beautifully 
simple work that shows a fisherman alone in a small boat, 
lie holds a short rod on which an unmistakable reel is 
mounted. A book of Buddhist tales printed between 1208 
and 1224 contains two woodcuts showing fishermen using 
rod and reel. Another reel is shown in a painting by Wu 
Chen (1280-1354) that can be seen at the Freer Gallery in 
Washington. The next time the reel appears in Chinese art 
is in an illustration in the 1609 encyclopedia, San Tsai T’u 
Hui, showing a fisherman standing on a riverbank reeling in 
a large turtle that he has caught. 

Aside from these pictures, the reel is shown in only one 
other place prior to the seventeenth century, when it came 
into general use outside of China. This is in a book of the 
Gospels written on parchment in Armenia in the thirteenth 
century. At that time Armenia, which lay just west of the 
Mongol-held territories, was in close alliance with the Mongols 
who then ruled China. Possibly, then, Armenia was the route 
by which the fisherman’s reel made its way into Europe in 
medieval times. 
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The basic principle of the fisherman’s reel—a wheel turning 
on an axle so that a line can be wound or unwound on it—is 
not too different from that of another and much more impor¬ 
tant Chinese innovation, the spinning wheel. 

Man’s first device for drawing fibers together into yarn was 
the spindle, a stick or rod about a foot long, with a notch in 
one end on which yarn could be caught. The loose material to 
be spun was wound around a larger stick, the distaff. The 
spinner, drawing material from the distaff, twisted and turned 
it on the spindle to make yarn; and an expert spinner could 
produce excellent yarn at a surprisingly rapid rate with this 
primitive equipment. 

Mounting the spindle in a wheel was an important improve¬ 
ment. The spinning wheel could have several spindles at once; 
a driving belt looped around the spokes of the wheel was 
linked to a treadle, so that the spinner could turn the wheel 
with pressure of her foot, leaving her hands free to manipulate 
the yarn. The first European picture of such a wheel is found 
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in a book of psalms written about 1338. Leonardo da Vinci 
sketched cord-making machines with several spindles in his 
notebooks, a century and a half later; and by the middle of the 
sixteenth century European women everywhere were using 
their wheels to spin flax into linen. 

But in Asia the spinning wheel has a much lengthier pedi¬ 
gree. It was used at an early date in India for making cotton; 
but it seems to have come into use in China’s silk industry 
even earlier. Silk comes from the cocoon in extremely short 
fibers, unlike those of cotton or flax, and at first thought it 
seems strange that a spinning wheel would be of much use in 
dealing with it. But in fact the thrifty Chinese developed ma¬ 
chinery for winding the silk directly from cocoons onto bob¬ 
bins with an arrangement of spindles driven by a foot-powered 
belt. These silk-winding machines were in use by the second 
century a.d. Once the driving belt had been invented, it was 
an easy step to apply it to spindles for making threads from 
flax or cotton. Exactly when the Chinese took this step is un¬ 
known, but it may have been in T ang or early Sung times; a 
book published in 1313 shows a spinning wheel with three 
spindles driven by one belt operated by footpower, and the 
mechanism is so carefully worked out that it must have been 
developed many years before. There are many other Chinese 
illustrations of the spinning wheel in the fourteenth century, 
all of them older than the first European reference to the 
device. 
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Deep within the earth, incredibly powerful forces build up; 
strains appear and increase; vast slabs of rock exert terrible 
pressures upon one another. Abruptly everything gives way. A 
mighty shudder runs through the earth’s crust. Great cracks 
suddenly gape in the ground. Buildings topple; windows 
smasfh; pipes burst; lives are lost. Another earthquake has 
occurred. 

The Portuguese capital of Lisbon was devastated by an 
earthquake in 1755. The earthquake that struck San Francisco 
on April 18, 1906, destroyed much of the city and caused a 
fire that destroyed even more. An earthquake in India in 1905 
killed twenty thousand people; one in Sicily in 1908 took 
77,000 lives. Earthquakes of great force hit Tokyo in 1923 
and Alaska in 1964. Some parts of the world suffer these 
titanic upheavals quite frequently; others are almost never 
affected. Most major earthquakes have taken place along 
the shores of the Pacific or the Mediterranean, where appar¬ 
ently there is great activity in the earth’s crust. Japan, Cali- 
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fornia, Chile, Italy, and Greece have had a great many serious 
earthquakes; the eastern United States and western Europe 
have had relatively few. 

Earthquakes cannot be predicted very satisfactorily—scien¬ 
tists are only now having any success in detecting the signs of 
a possible buildup of earthquake conditions—and there is no 
way at all that they can be prevented. But they can be de¬ 
tected over long distances when they occur. The shock of an 
earthquake rolls through the whole planet, and an exception¬ 
ally severe earthquake can be felt thousands of miles away. 

Prompt detection of a distant earthquake is more than just 
a matter of scientific research or satisfying curiosity. Aid must 
be given to the stricken area; steps must be taken to prevent 
looting, fires, or the spread of epidemics. The worst earth¬ 
quakes break telephone and telegraph lines and interrupt 
electrical power, leaving the earthquake region unable to in¬ 
form the outside world of its plight. Naturally, before the days 
of modern communications it was even more difficult for news 
of an earthquake to spread beyond the immediate disaster 
zone. 

To meet these problems, various earthquake-detecting de¬ 
vices have been invented over the centuries—beginning in 
China. China is a country frequently afflicted by earthquakes. 
It has a long tradition of scientific cleverness. And for most 
of its history China lias had a strong central government with 
keen interest in knowing what is going on in the remote out¬ 
lying provinces. All of these conditions encouraged the inven¬ 
tion of the first earthquake-detector in the year 132 by the 
astronomer, geographer, and mathematician Chang Heng. 

We have already met with an example of Chang Ileng’s 
ingenuity, for he was said to have constructed a south-pointing 
chariot about the year 120. The Hou Han Shu (“History of 
the Later Han Dynasty”), a book written in the third or 
fourth century a.d., also credits him with the invention of an 
“earthquake weathercock”—what we would call a seismograph, 
from the Greek word seismos, meaning “earthquake.” 

Chang Heng's seismograph is described in the Hou Han Shu 
as “a vessel of fine cast bronze, resembling a wine-jar, and 
having a diameter of eight ch’ih [about six feet]. It had a 

96 


f 


domed cover, and the outer surface was ornamented with 
antique seal-characters, and designs of mountains, tortoises, 
birds, and animals. Inside there was a central column ... so 
arranged that it would operate a closing and opening mecha¬ 
nism. 




“Outside the vessel there were eight dragon heads, each one 
holding a bronze ball in its mouth, while round the base there 
sat eight toads with their mouths open, ready to receive any 
ball which the dragons might drop. 

“The toothed machinery [gears] and ingenious construc- 
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tions were all hidden inside the vessel, and the cover fitted 
down closely all around without any crevice. 

“When an earthquake occurred the dragon mechanism of 
the vessel was caused to vibrate so that a ball was vomited out 
of a dragon-mouth and caught by the toad underneath. At the 
same instant a sharp sound was made which called the atten¬ 
tion of the observers.” 

We are told that only the dragon facing the direction in 
which the earthquake had taken place would drop its ball, and 
so the location of the disaster could be identified. When news 
of the earthquake came in from the provinces, says the Hou 
I Ian Shu, there always was “miraculous agreement” between 
the observations made with the seismograph and the actual 
event. On one occasion one of the dragons let a ball fall from 
its mouth, although no one in the capital had felt the earth 
shake. This puzzled the scholars, until a few days later a mes¬ 
senger came from the province of Kansu, four hundred miles 
away, bearing news of an earthquake there. “Upon this,” the 
story concludes, “everyone admitted the mysterious power of 
the instrument. Thenceforward it became the duty of the 
officials of the Bureau of Astronomy and Calendar to record 
the directions from which earthquakes came.” 

We know from other records that the Kansu earthquake 
occurred in j 38. There had been two earthquakes at the capi¬ 
tal itself in 133 and 135, so there was ample opportunity for 
testing Chang Heng’s device. 

Historians of science have long been fascinated by the pas¬ 
sage in the Ilou Han Shu that describes this ancestor of all 
seismographs, and have tried to build models that would 
duplicate its performance. They agree that the “central col¬ 
umn” that operated the closing and opening mechanism must 
have been a heavy pendulum. When an earthquake struck, 
the pendulum swung, following the line of shock radiating 
through the ground. The movement of the pendulum tripped 
a lever that raised the head of one dragon, causing the ball 
gripped in its jaws to fall out and drop into the mouth of the 
toad below. Then some arrangement of gears or pins must 
have seized the pendulum and held it fast so that it could not 
swing back and release other balls. 
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The seismograph of Chang Heng is mentioned in a number 
of Han Dynasty documents, so it must have been considered 
of great importance by the government. Later dynasties also 
made use of such instruments. During the short existence of 
the Northern Ch’i Dynasty in the late sixth century, there was 
a court mathematician named Hsintu Fang, who, a book of 
the time declares, “when young showed mathematical ability 
and was praised by everyone in his locality. A man of great 
ingenuity, he was often absorbed in high contemplation, for¬ 
got to eat and sleep, and fell into holes when walking about.” 
This absentminded professor was the author of a book that 
gave detailed and illustrated descriptions of a number of de¬ 
vices, including an “earthquake weathercock.” Some fifty 
years later there was another expert on seismographs in the 
service of the Sui Dynast}', Emperor Kao Tsu. But all knowl¬ 
edge of how to build such instruments seems to have disap¬ 
peared after the downfall of the T’ang Dynasty in the tenth 
century. A book written about 1290, during the Mongol rule, 
declares that all seismographs and even the books that de¬ 
scribed how to make them had vanished. “I cannot at all 
make out the principle,” the author said, “and would very 
much like to find someone who understands it.” 

A seismograph of some kind, perhaps derived from the old 
Chinese machine, was in use in Persia at this time. After that, 
there is no record of any earthquake detector in use anywhere 
until 170J5, when a French scientist invented one consisting of 
a dish of mercury, filled to the brim, that would overflow when 
jiggled by some shock in the earth. This gave way in the nine¬ 
teenth century to the modern seismograph, which has a care¬ 
fully balanced arm with a needle mounted on it. An earthquake 
causes the arm to move, tracing a graph on a sheet of specially 
prepared smoked paper. Extremely sensitive devices working 
on this principle are capable of picking up shocks felt any¬ 
where in the earth, and have been used to detect tests of 
atomic bombs as well as to discover earthquakes. 

There are several kinds of seismographs in use today—but 
all of them have at their centers pendulums which respond to 
disturbances in the earth, exactly as Chang Ileng’s “earth¬ 
quake weathercock” did more than eighteen centuries ago. 


99 


IP 


e 

u 

a 

p 

t 

e 

12 

zxpzogmg 


Few inventions have changed the world as greatly as gun¬ 
powder has. The art of war was transformed from something 
involving professional armies of knights to something that 
affected the lives of whole populations. Duels with sword or 
lance or battleaxe gave way to deadly bursts of rifle fire; the 
bow and arrow became mere curiosities; great cannons smashed 
down the stone walls of cities designed to withstand the sieges 
of a simpler age. But this revolution in warfare did not come 
about in one dramatic instant. The opening of the Gunpowder 
Age was not at all like the beginning of the Atomic Age, which 
was born in a single spectacular explosion in New Mexico in 
1945. Rather, it was a matter of many small inventions and 
refinements of inventions over a period of hundreds of years, 
as first bombs, then rockets and cannons, and finally rifles and 
pistols came into use. 

The grim tale of death and destruction began in gaiety—for 
gunpowder evolved out of nothing more warlike than fire¬ 
works. The Romans, according to a historian of the fourth 
century, put on displays of fireworks in the circus; there exists 
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one description of whirling wheels and falling fountains of fire 
upon a movable framework. But as usual the Chinese were 
there first. At least by the time of Christ, and possibly some¬ 
what earlier, they had learned how to make colorful blazes of 
fire by grinding charcoal and sulfur very fine and touching a 
flame to them. 

It did not occur to the Chinese, apparently, to use this in¬ 
cendiary mixture in warfare. Instead they poured their powder 
into paper containers, packing it tightly and attaching a fuse. 
The result was a beautiful flash of light and puff of smoke, 
suitable for entertainment purposes. Chinese religious proces¬ 
sions, festivals, and ceremonies were enlivened by the touching 
off of fireworks employing this mixture of charcoal and sulfur. 
Experts in the art of creating these displays learned how to 
shape and pack their powder so that, when lit, it would burst 
forth in vivid and attractive patterns. While swords still 
clanged in barbaric Europe, the skies over China were bright 
with the magical, glittering sparkle of fireworks. 

In their search for bigger and better spectaculars, the Chi¬ 
nese discovered a way to make their powder explode as well as 
simply flare up. Then someone observed that a handful of salt 
thrown into a fire caused the fire to turn momentarily much 
brighter and (so the Chinese thought) to grow more hot. This 
led to experiments designed to improve the mixture used in 
fireworks. Ordinary table salt turned out not to be of use, but 
better results were achieved with a substance quite similar 
chemically to table salt—potassium nitrate, or saltpeter. This 
material was found in northwestern China, and also much 
more abundantly beyond the Great Wall in nomad country. 
In dry weather it was drawn upward through the soil by 
evaporation of surface water, and was deposited as a crust on 
the ground, where it could be swept up and prepared for use 
by boiling and crystallizing. 

If saltpeter was ground with charcoal and sulfur and 
crammed into a container and sealed up, the mixture would 
explode quite satisfactorily when lit. How violent the explo¬ 
sion was depended on the proportions of the mixture: too 
little saltpeter would produce only a mild fizz. Through a 
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process of trial and error, the Chinese fireworks experts deter¬ 
mined that the best bang resulted from a mixture of about 
four parts of saltpeter to one part of charcoal and one part of 
sulfur. They had no idea why this was so, nor why the explo¬ 
sion should take place at all: the science of theoretical chemis¬ 
try lagged far behind practical work. As late as the seventeenth 
century, Chinese technical books were explaining the explosion 
in terms of a traditional Chinese idea, that of the opposing 
forces of yang (positive) and yin (negative): “It is believed 
that saltpeter and sulfur are respectively negative and positive 
in character. A combination of the positive and the negative 
forms gunpowder. The explosion of gunpowder out of a com¬ 
pact space will blast nearby persons and things into total de¬ 
struction.” 

This mixture of saltpeter, sulfur, and charcoal did indeed 
include all the chief ingredients of gunpowder. However, there 
was no immediate use of it in war. It was employed first in 
firecrackers, whose sharp booms became part of every Chinese 
celebration; the firecracker came into use as early as the sixth 
century a.d. The first full description of gunpowder as a ma¬ 
terial of destruction did not appear until 1044, in a book on 
military tactics. This work told how to make the explosive 
powder, although the formula it gives would not have pro¬ 
duced a really powerful blast. 

The first time gunpowder was used in combat, it appears, 
was about 1000, when Sung China was under invasion by the 
Khitan barbarians. Details of the Sung weapon are sketchy, 
but it seems to have been some kind of crude bomb or hand 
grenade made by stuffing powder into a paper box, igniting it, 
and hurling it. Very likely it blew up its users about as often 
as it did its intended victims, and certainly it had no effect on 
the outcome of the war, for the Khitan took control of all of 
Northern China. 

In the following century the Sung Dynasty faced a new and 
even more ferocious nomad invader, the Jurchen barbarians, 
conquerors of the Khitan. Once again the Chinese used ex¬ 
plosives against their foe. Wei Sheng, a Sung general, threw 
“fire stones” a distance of two hundred paces at the Jurchen in 
1161, using a catapult. His “fire stones” were artillery shells 
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filled with a “fire drug” made of saltpeter, sulfur, and willow- 
wood charcoal. But Wei Sheng was slain three years later in a 
much more conventional way: his troops ran short of arrows 
and the Jurchen overran his position. A Jurchen arrow took 
his life. 

The Jurchen, having seized much of the Sung territory, soon 
found themselves threatened by an enemy to the rear as 
Genghis Khan led his Mongols to battle early in the thirteenth 
century. By this time the Jurchen had learned the secret of the 
explosive powder from their Chinese subjects, and used it 
against the Mongols. Among the new weapons that came into 
use was the “heaven-quaking thunderer,” which is described 
in a military textbook of several centuries later as an iron ves¬ 
sel filled with the “fire drug.’’ When fired, the heaven-quaking 
thunderer could be heard for more than thirty miles. Some 
historians think that this weapon, which the Jurchen used 
against the Mongols while trying (unsuccessfully) to defend 
their capital in 1232, was the first cannon ever made. Most 
authorities doubt that a workable cannon could have been 
constructed at that time, and believe that the “thunderer” was 
simply a large catapult-fired bomb. 
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Another weapon possibly used by the Jurchen was the an¬ 
cestor of the rifle. This first firearm was a long bamboo tube 
containing gunpowder; supposedly, metal bullets were thrown 
forth when the powder was touched off. But whether this de¬ 
vice was actually used is uncertain, and whether it would have 
worked successfully is highly doubtful. 

One Chinese weapon that worked very well was the rocket, 
which developed out of a device called the “fire arrow.” Orig¬ 
inally, a fire arrow was just that—a flaming arrow shot from a 
bow, usually sent over a wall to set fire to buildings on the 
other side. Later, some Chinese warrior decided to improve 
the performance of the fire arrow by adding gunpowder. To 
keep the powder from going off all at once, it had to be packed 
in a long tube. It was necessary to leave the tube open at one 
end to let flame and smoke escape. If the tube were open in 
front, the blast of the powder would throw the arrow off 
course. But an opening to the rear would serve to propel the 
arrow toward its target by the force of the explosion. The first 
such rockets still were shot from bows; but quickly it was seen 
that the forward pressure of the explosion itself, inside the 
tube, was enough to send the device on its way. 

The Chinese gave the world the flamethrower as well as the 
rocket. It is described in the same military handbook of 1044 
that told how to make gunpowder. There it is called the fang 
meng huo yu, or “fierce fire oil shooter.” Naphtha, a form of 
distilled petroleum, was the “fierce fire oil” used by this 
deadly device. 

The eleventh-century Chinese flamethrower was a brass 
tank supported by four metal legs. On top of the tank was a 
horizontal cylinder, connected to the tank by four tubes; the 
cylinder contained a piston rod covered with cloth and oper¬ 
ated by a handle in the rear. In battle, naphtha was poured 
into the tank and gunpowder was placed in an ignition 
chamber at the back end of the cylinder. “When the fire is to 
be started,” the book declares, “one applies a heated branding- 
iron to the ignition chamber, and the piston rod is forced fully 
into the cylinder—then the man at the back is ordered to draw 
the piston-rod fully backwards and work it back and forth as 
vigorously as possible. Whereupon the oil comes out through 





the ignition chamber and is shot forth as blazing flame. ... If 
the enemy comes to attack a city, these weapons are placed on 
the great ramparts, or else in outworks, so that large numbers 
of assailants cannot get through.” The gunpowder used in the 
ignition chamber had relatively little saltpeter in proportion to 
the sulfur and charcoal, so that instead of exploding it would 
burn slowly and keep the naphtha ablaze. 



Such weapons, used first by the Chinese, then by the 
Jurchen against the Mongols, and later by the Mongols them¬ 
selves, were generally the work of Chinese engineers. Then as 
always, clever Chinese did not hesitate to hire themselves out 
as weapons-builders to the barbarians. 

Although Chinese ingenuity in the eleventh and twelfth 
centuries helped to make possible the new era of warfare, 
China’s leadership in military matters was short-lived. By the 
thirteenth and fourteenth centuries—when the Mongols ruled 
all of China—other nations had moved past China in the mili¬ 
tary arts. The formula for gunpowder had reached the West¬ 
ern world, and the Chinese, more interested in fireworks than 
in bombs and cannons, would never again display much in¬ 
ventiveness in warfare. 

In thirteenth-century Europe there circulated a manuscript 
written by a mysterious Marcus Graecus, “Mark the Greek,” 
called The Book of Tire. It told how to make explosive powder 
by mixing “one pound of sulfur, two of charcoal, and six of 
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saltpeter.’’ These were the Chinese ingredients, although if 
mixed in these proportions they would not produce a strong 
explosion. 'Ihe famous medieval scientist Roger Bacon also 
referred to an explosive powder which he said, in a book of 
1242, was used for amusement, “producing a noise like thun¬ 
der and flashes like lightning.” In another book. Bacon said 
that “from saltpeter and other ingredients we are able to make 
a fire that shall burn at any distance we please.” He listed the 
ingredients in a code, and, according to one decipherer, he 
recommended making the powder from “seven parts of salt¬ 
peter, five of young hazel wood, and five of sulfur.” This would 
not have exploded very effectively, but on the basis of this 
book Roger Bacon is considered by some to have been the 
inventor of gunpowder. Other historians award the credit to a 
German monk of the early fourteenth century, Berthold 
Schwartz. Friar Berthold, the story goes, was an alchemist, 
attempting to manufacture gold from baser metals. He put 
sulfur, saltpeter, mercury, oil, and lead into a stout copper pot, 
sealed its lid, and put the pot over a fire. A terrifying explosion 
resulted, hurling the lid of the pot against the ceiling. Then 
the friar realized that the same mixture, if placed in a metal 
tube, could be used to hurl bullets. Neither Roger Bacon nor 
Berthold Schwartz, however, has much claim to be the in¬ 
ventor of gunpowder, something that had been known in 
China hundreds of years before their time. 

We do not know how knowledge of gunpowder reached the 
West—possibly through the Mongol territory and into Russia, 
or perhaps by way of the Near East. One of the first Chinese 
applications of gunpowder to come to Europe was what we 
call the Roman candle, which goes off in a series of explosions. 
The Chinese made their version of the Roman candle by 
packing alternating layers of loose and compressed powder 
into bamboo tubes. As the powder burned down from the 
top, the solid lumps were thrown out, burning as they flew. 
Stones could also be mixed with the packing of the tube and 
would be flung out at a high speed. 

European use of the Roman candle in warfare is described 
in an Italian book of the 1530’s: 

“. . . it is useful to tie certain tubes of paper on wooden 
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forms to the ends of the lances of the cavalry, or on the ends 
of the pikes of the infantrymen. . . . Then, having put in a 
good fuse and turned the fire-emitting end toward the enemy 
and having tied it well to the lance or pike, at the proper time 
cause them to burn as you wish. From the thing made in this 
way you will see a fearful and very hot tongue of fire more 
than two cubits [three feet] long, full of explosions and hor¬ 
ror.” 

Though not really a dangerous weapon, the Roman candle 
terrified horses that had not grown used to them, causing 
stampedes that broke up battle order. 

By the early fourteenth century Europeans had worked out 
the most explosive proportions of saltpeter to the other in¬ 
gredients, and were beginning to put gunpowder to deadly use. 
The oldest recorded document relating to the use of gun¬ 
powder is a decree of the ruling council of the Italian city of 
Florence, dated February n, 1326, ordering the appointment 
of persons to superintend the manufacture of brass cannons 
and iron cannonballs for the defense of the city. A fourteenth- 
century English chronicle states that King Edward III used 
cannons when he invaded Scotland in 1327. There are many 
official documents dealing with the purchase and storage of 
gunpowder in the later fourteenth century, and by the fif¬ 
teenth the cannon had taken its place as standard equipment 
for war. 

Smaller firearms were slower to appear. The first crude guns 
were ma’de in the fourteenth century, but not until 1446 were 
they used at all widely. These guns were merely iron or brass 
tubes mounted on a wooden frame; a match made of cotton 
or hemp was touched to an opening in the tube to set off the 
powder. 

While Europe was developing these instruments of death, 
which did so much to change old patterns of making war, 
China was locked in the isolation of Ming Dynasty times. It 
was not a period of great scientific or technical progress in 
China, and the nation that had invented gunpowder found 
itself far behind the upstart nations of the West, who had put 
the invention to use. When Spanish and Portuguese adven¬ 
turers reached China in the sixteenth century, their cannons 
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and guns astounded the Chinese, who hired the “foreign 
devils” to fashion such weapons for them. The true Chinese 
attitude toward gunpowder is indicated by this passage from 
the diary of the Jesuit missionary Matteo Ricci, about 1600: 

“Finally we should say something about the saltpeter, which 
is quite plentiful but which is not used extensively in the 
preparation of gunpowder, because the Chinese are not expert 
in the use of guns and artillery and make but little use of these 
in warfare. Saltpeter, however, is used in lavish quantities in 
making fireworks for display at public games and on festival 
days. The Chinese take great pleasure in such exhibitions and 
make them the chief attraction of all their festivities. Their 
skill in the manufacture of fireworks is really extraordinary, 
and there is scarcely anything which they cannot cleverly imi¬ 
tate with them, 'lliey are especially adept in reproducing bat¬ 
tles and in making rotating spheres of fire, fiery trees, fruit, 
and the like, and they seem to have no regard for expense 
where fireworks are concerned. When I was in Nankin I wit¬ 
nessed a pyrotechnic display for the celebration of the first 
month of the year, which is their great festival, and on this 
occasion I calculated that they consumed enough powder to 
carry on a sizable war for a number of years.” 
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The Chinese did not invent the airplane. Nevertheless, they 
had a good deal to do with helping man to fly, for they were 
the first builders of kites—from which much was learned con¬ 
cerning the theory of flight—and they contrived the principle 
on which the helicopter works. 

The kite, a framework of wood with paper or fabric 
stretched over it, is more than just a toy; it can be a tool of 
scientific research, a spying device, a means of communication. 
It keeps aloft through an interplay of three forces: its own 
weight, the air resistance, and the tension of its string. When 
the wind slackens, the kite begins to sink; but its operator can 
make it stay up by running forward, so that the string remains 
taut. This provides an air flow under the kite, lifting it just as 
a plane is lifted when its jets or propellers drive it forward. 

Curiously, the kite got its name the same way both in 
English and in Chinese. There is a type of hawk called a 
“kite,” known for its particularly graceful gliding manner of 
flight, and the paper kite was named for the resemblance of its 









flight to that of the bird. In Chinese, the same bird is called 
yuan, and that is also the word for the flying device. What 
makes this coincidence even more strange is that it is not 
found in other European languages; a (man-made) kite is 
literally a “flying dragon’’ in German and a “flying deer” in 
French and Italian. 

The Chinese were flying kites long before they learned how 
to make paper. Perhaps the earliest kites were covered with 
silk. There is a picture of what seems to be' a kite on a Chinese 
bowl dating from the fourth century b.c., but probably the 
kite appeared long before then. Possibly the first kites were 
used in religious ceremonies, with special strings or pipes at¬ 
tached to make mysterious musical sounds as they moved 
through the air. 
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There are maiiy references in early Chinese literature to the 
mu yuan, or “wooden kite,” which had the shape of a bird. A 
book written about 255 b.c. says, “Mo Tzu made a wooden 
kite which took three years to complete. It could indeed fly, 
but after one day’s trial it was wrecked. His disciples said, 
‘What skill the Master has to be able to make a wooden kite 
fly!’ But he answered, ‘It is not as clever as making a wooden 
ox-voke peg. They only use a short piece of wood, eight-tenths 
of a foot in length, costing less than a day’s labor, yet it can 
pull thirty tan [nearly two tons], traveling far, taking great 
strain and lasting many years. Yet I have worked three years 
to make this kite which has been ruined after one day’s use.’ ” 

A Sung Dynasty work of the thirteenth century tells the 
story of a Han Dynasty general, Han Hsin, who supposedly 
flew over a palace under attack aboard a chih yuan (“paper 
kite”) to measure the thickness of its walls. Since Han Hsin 
died in 196 b.c., long before the first known use of paper, 
there is some doubt about this. But certainly kites were used 
in warfare in the sixth century a.d. The officers of a besieged 
army sent up kites to signal for help; the attackers, realizing 
that messages were being sent, ordered archers to shoot at the 
kites. 

Kites were used for propaganda during the war between the 
Jurchen and the Mongols in the thirteenth century. Under 
siege in their capital, the Jurchen put up kites that drifted 
toward the Mongol lines; the kites bore messages urging 
Jurchen prisoners in the Mongol camp to revolt and escape. 

Most commonly, though, the Chinese used kites for sport. 
Pictures of kite-flying as a pastime appear on the walls of the 
sixth-century caves of Tun-huang. In T’ang times, zithers and 
aeolian harps were fastened to kites to provide a musical ac¬ 
companiment as they soared. ’The Chinese experimented also 
with the form of kites, adding a second string to permit greater 
control, and curving the kite surface to imitate the swelling of 
a sail. 

An Arab book of the ninth century describes the flying of 
kites “made of Chinese paper,” but in Europe kites remained 
unknown for many more years. The first Western travelers to 
visit China were amazed by them. Marco Polo noted a kite 
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made of a wickerwork frame, strong enough to carry a man 
aloft in a high wind. Not until the end of the sixteenth cen¬ 
tury, though, were kites built in Europe; the first mention of 
them is in an Italian scientific book of 1589. In England kites 
were being used shortly after that to let off fireworks in the 
air, and large kites capable of lifting men were built in Rome 
in the middle of the seventeenth century. Before long, kites 
were universal playthings. 

They were also the subject of close study by those who 
sought a way to build flying machines. Since ancient times 
man had tried to construct such machines, usually by rigging 
some direct imitation of a bird’s wings. Greek mythology tells 
the tale of Daedalus, who fashioned such wings for himself 
and his son Icarus so that they might escape from the island 
of Crete. (Icarus flew too close to the sun, which melted the 
wax that held his wings together, and he drowned.) Leonardo 
da Vinci and others attempted to design flying machines that 
a man could strap to his body. But it was the kite that gave 
the first clue to the principle on which a workable flying ma¬ 
chine had to be built. Sir George Cayley (1773-1857), an 
unjustly forgotten English pioneer of aviation, recognized 
that the problem was to employ a surface broad enough to 
support its own weight by gliding on a stream of air. In 1804 
he constructed what has been called the first true airplane in 
history—actually a glider, consisting of flat kite-like wings and 
a tail rudder made of two kites meeting at right angles. Cayley 
made larger and larger models of his kite-glider until by 1853 
he was able to test one that carried a man. This was the first 
human flight in a heavier-than-air vehicle. (Men had been 
going aloft in balloons for seventy years.) Of course, Cayley’s 
glider was not able to sustain flight under its own power, but 
his work, based on an analysis of the kite, showed the way to 
successful airplane design, making possible the Wright Broth¬ 
ers’ triumph over the problem of powered flight in 1903. Thus 
an ancient Chinese invention helped to guide the Westerners 
who gave man command of the air. 

As for an actual mechanical flying machine, the Chinese 
devoted some thought to that as well. Chinese myths speak 
of a legendary people called the Chi-Kung, who dwelled in 
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the West, far beyond the end of the Great Wall, and who 
made “aerial carriages which, with a fair wind, traveled great 
distances.” A book written about a.d. 300 tells how in the 
early days of the Shang Dynasty, a strong wind carried a Chi- 
Kung carriage into China, whereupon the emperor “had the 
car taken to pieces, not wishing his own people to see it. Ten 
years later there came an easterly wind of sufficient strength, 
and then the car was reassembled and the visitors were sent 
back to their own country.” 

This is only a fanciful tale, but about a.d. 120 the great Han 
Dynasty astronomer and engineer, Chang Ileng—he of the 
south-pointing chariot—built a “wooden bird,” complete with 
wings, which had in its belly a mechanism that permitted it to 
fly nearly a mile. This information comes from a book of the 
time called Records of the Scholars; but Chang Heng himself, 
in an essay written in 126, declared, “Linked wheels may be 
made to turn of themselves, so that even an object of carved 
wood may be made to fly all alone in the air.” This suggests 
some combination of gears and propellers. 





Such a device is more clearly described in a surprising pas¬ 
sage in a book written about 320 by an alchemist and mystic 
named Ko Hung: “Some have made flying cars with wood 
from the inner part of the jujube tree, using ox leather straps 
fastened to revolving blades so as to set the machine in mo¬ 
tion. . . This certainly sounds like a propeller. Ko Hung also 
expressed great insight into the nature of flight itself. Speaking 
of the bird known as the kite, he said, “The kite flies higher 
and higher spirally, and then only needs to stretch its two 
wings, beating the air no more, in order to go forward by it¬ 
self. This is because it starts gliding on the ‘hard wind.’ ” Ko 
Hung’s “hard wind” is evidently the airstream on which any 
flying machine must ride. 

At some unknown time—possibly as early as Ko Hung’s day 
—the Chinese did use propellers to lift children’s toys. This 
toy, which the Chinese called a “bamboo dragonfly,” was a 
stick with wooden blades set into it at an angle. When a cord 
wound around the stick was given a sharp pull, as if one were 
starting to spin a top, the blades would turn and the “dragon¬ 
fly” would rise into the air. This arrangement of blades is the 
direct ancestor of the helicopter rotor, which provides vertical 
lift by spinning around a central rod. 
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Whether a “bamboo dragonfly” large enough to carry a man 
could be built, of course, is a doubtful matter. How could 
enough spin be imparted to it to make it rise? Nevertheless, 
once the toy reached Europe, it inspired research toward 
manned flight. “Bamboo dragonflies” are shown in several 
European paintings of the fifteenth and sixteenth centuries; 
Leonardo da Vinci experimented with them. In the eighteenth 
century, when they were known as “Chinese tops,” serious 
attempts were made to improve on the basic idea. Sir George 
Cayley was among those who tried to build horizontal heli¬ 
copter-style rotors that could lift a large-scale version of the 
“Chinese top.” He made his first experiments in 1792; but by 
1853 the best he could report was that he had designed a top 
that would “mount upwards of ninety feet into the air,” 
whereas the original toy would rise no higher than twenty or 
twenty-five feet. 

Other nineteenth-century experimenters carried the work 
forward. In 1842, W. H. Phillips of Great Britain built a 
steam-powered helicopter whose blades were turned by jets of 
steam at their tips. Other helicopters of about the same time 
were powered by huge rubber bands twisted together. In 1857, 
Felix du Temple de la Croix constructed the first helicopter 
that could take off under its own power, fly for some distance, 
and land safely. His early models were driven by a clockwork 
mechanism, but later he used steam power, and in 1874 got a 
full-scale steam-powered helicopter to take off successfully. 
However, not before the development of the gasoline engine 
in the 1890’s could much real progress be made in flight. By 
1903 the Wright Brothers had carried out their first brief 
manned flight at Kitty Hawk, and four years later Paul Cornu 
of France made the first manned vertical flight in a helicopter. 
The Chinese had not had the means to follow through on 
their basic concept; here as in so many other instances, they 
had been so far ahead of their times that no practical way 
existed to turn an idea into a workable machine. But by in¬ 
venting the “bamboo dragonfly” many hundreds of years ago, 
they served to put Sir George Cayley and others on the right 
track toward the perfection of the flying machine. 


"5 


m enmgz g<s 
gemmagig 


Nearly all of the Chinese scientific wonders we have been dis¬ 
cussing—printing, gunpowder, the south-pointing chariot, and 
the rest—came into being seven hundred or more years ago. 
By the time Europeans were visiting China regularly in the 
sixteenth and seventeenth centuries, she was already a backward 
nation technologically, and she continued to fall further be¬ 
hind the Western world as the years passed. This is the verdict 
that Lord Macartney, King George Ill’s ambassador to China, 
passed upon the Chinese after his visit to their land m 1793: 

“In respect to science the Chinese are certainly far behind 
the European world. They have but a very limited knowledge 
of mathematics and astronomy, although from some of the 
printed accounts of China one might be led to imagine that 
they were well versed in them. A great part of their astronomy 
is mere astrological trifling, whose chief end is to point out 
the proper times for certain ceremonies, upon the strict ob¬ 
servance of which the happiness of the empire and individuals 
is supposed to depend. ...” 

Although individual Chinese showed great interest in scien- 
116 





tific matters, Emperor Ch’ien-lung and his ministers had no 
curiosity about such things, according to Macartney. “It is, 
besides,” he wrote, “the policy of the present government to 
discourage all novelties, and to prevent their subjects as much 
as possible from entertaining a higher opinion of foreigners 
than of themselves. Dr. Dinwiddie, a member of Macartney’s 
scientific staff, gave a few lectures and exhibited some experi¬ 
ments at Canton . . . which were constantly attended by the 
principal Chinese merchants, who seemed highly delighted 
with them, and showed the strongest desire of further instruc¬ 
tion. . . . But the Mandarins [high officials] in Peking mani¬ 
fested very little disposition of this kind; none of them 
discovered the slightest notion of the pressure of fluids, the 
principles of optics, perspective, electricity, etc., although 
several of them had seen air-pumps, electrical machines, spy 
glasses, prisms, magic lanterns, and show-boxes. Nevertheless, 
it was observed that most of the great men who came to see 
the globes, the planetarium, the barometers, and pendulums 
[set up by the British] affected to view them with careless 
indifference, as if such things were quite common and familiar 
to them, and the use of them well understood. . . . 

“Three young princes, sons of the Emperor’s eleventh son, 
frequently . . . expressed great admiration of the workmanship 
and appearance of the globes, clocks, and [other scientific in¬ 
struments], but candidly owned that they did not comprehend 
the purposes of them. Though the father of these princes is 
the patron or inspector of the college of mathematics, it is 
probable he does not hold the elements taught there in very 
high estimation, as his children were not instructed in them, 
their education being solely confined to the acquirement of 
the Chinese and Manchu languages, the study of their cere¬ 
mony, or ethics, and of the history of their own empire.” 

Yet in centuries past the Chinese had excelled in ingenuity, 
surpassing all others in scientific and technical accomplish¬ 
ments. From the days of the Shang Dynasty bronzesmiths 
until stagnation set in under the Ming and Manchu rulers, 
China had been consistently inventive, resourceful, and imag¬ 
inative. Though most aspects of their scientific theory were, 
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we now know, more fanciful than accurate, their engineering 
abilities were extraordinary. That tradition has been revived 
in the Communist China of today. 

Why were these people able to create so remarkable a rec¬ 
ord of achievement in science and technology? 

Let us leave out of consideration the possibility that there is 
anything unusual about the Chinese brain itself. We no 
longer accept the idea that certain nations or races have spe¬ 
cial inborn abilities; besides, the peoples of the countries 
bordering on China are racially similar, but never produced 
anything of significance in science. 

Rather, what set the Chinese apart were the special features 
of their culture: the high value they set on scholarship, their 
pride in intellectual attainment, and above all the unbroken 
span of their civilization over thousands of years. Despite re¬ 
peated invasions and long periods of occupation by foreigners, 
the Chinese were able to maintain their language, their phi¬ 
losophy, their literature, their whole culture, without major 
interruption or alteration. True, the end of each of the great 
dynasties brought times of chaos in which libraries were 
burned, certain books or inventions were lost forever, and men 
of science perished. But ordinarily the Chinese were able to 
hand ideas on from generation to generation, and even across 
scores of generations. Sung researchers knew what Ilan scien¬ 
tists had been doing a thousand years before their time; the 
men of Han times could look back hundreds of years into the 
era of the Chou and Shang rulers. This accumulation of 
knowledge provided the foundation on which the Chinese 
could build. If half a dozen Chinese scholars born in 500 b.c., 
200 b.c, a.d. 50, a.d. 700, and a.d. 1200 had been brought to¬ 
gether in one room, they would have been able to speak to 
each other without an interpreter, to discuss men and theories 
known to all, and to make equally valuable contributions to 
some joint project. That—along with the premium placed by 
Chinese culture on cleverness—is the explanation of the amaz¬ 
ing fertility of ideas that China displayed for so long. 
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